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Neurosciences : FPuture Trends 


by P-N,. Tandon 


Made up of a dozen billion microscopic nerve cell units 
interconnected by millions upon millions of conducting nerve 
vhreads weaving incredibly intricate patterns, the brain, as 
an object of research presents a defiant challenge to its 
own ingenuity. Sherrington emphasized, on the one hand, the 
unity of the nerve cell and its individual processes and, on 
the other, the remarkable integration of these billions of 
units to give patterns of coordinated activity, such as the 
movements involved in balance or gait or gaze. These units, 
their interaction and function constitute the world of neu- 
roscientists, Perhaps at no previous time in the history 

of science has there been such widsepread interest, as is 
now evident, in the brain and its function and how that 
function relates to human behaviour. Neuroscience research 
is a continum of investigative disciplines ranging from the 
molecular level to the analysis of complex behaviour. 


Scientist trained in Anatomy, Physiology, Pathology, 
Biochemistry, Molecular Biology, Immnology, as well as 
Neurologists, Neurosurgeons, Psychologists and Pschiatrists 
independently and interacting with each other as also with 
the physical scientists, methamaticians, physicist, chemist 
and technologists, electronic and computer scientists, are 
trying to unraval the mystery of human brain which un- 
doubtedly is the most important, if not the sole factor, 
controlling the destiny of man himself, 


In the short time available it is impossible to provide 
a Comprehensive review of neurosCieneos, current status and 
future trends, However, an attempt will be made to mention 
some of the recent advances in various fields of neurosciences 
which no doubt would provide an indication for future trends, 
One way of doing this would be to consider each discipline 
of neuroscience e.g. neuroeanatomy, neurophysiology, neuro-= 
pathology etc, separately. Instead, being a clinician, 
concerned primarily with the welfare of the neurologically 
disabled, it may be permissible to consider the subject 
from a more practical stand point. It may also be mentioned 
that the watertight compartments between the scientists wor-= 
king in a specific discipline are progressively breaking 
down. It is not uncommon to see today a neurophysiologist 
utilising neuroanatomical techniques and vice versa, There 
is a healthy trend in the evolution of neuroscience as a 
comprehensive discipline without artificial barriers. I 
would only like to give a few examples of the directions 
neuroscience is taking in various field to undérstand and 
solve some of most intriguing problems of clinical neuro 
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Wiets Boia au its a icati to Clinical Medicine: 
During the past decade there has been megeeny emo 
in the field of basic neurosciences which has a ee 
found to have important implications for the understan hehe 
of the functioning of the nervous system and pathogenes2i Syd 
various disease processes, In the field of neuroanatomy ae 
existing silver stains and degeneration techniques have §1 a 
place to labelling techniques which can trace the neurons an 
neuroml connection more clearly and precisely utilising Horse- 
Radish Peroxidase labelling, autoradiography, use of double 
tracers and flourescent dyes like true blue and nuclear yellowe 
It is not only possible to trace fibre connections but also 
Ccollaerals and terminals of the axons. Development of mono= 
clonal antibodies, utilising hybridoma technology, a whole 
new field of immunochemistry has made it possible to trace 
the cell types according to their chemical characteristics 
which has direct relevance for functional studies. Application 
of quantitative methods in neuroanatomy, with the help of 
computer technology, the impossible or at best painstaking 
and time consuming task of typing of different neurons, 
evaluation of the dendritic tree and orientation of cell 
types in relation to each other is already possible. The 
technique consists of connecting an electronmicroscope to a 
Computer and video system through an interphase. From two 
dimension pictures of serial section reconstruction of den= 
dritic volume, spines and synapses are made, So far applied 
to only limited number of functional units, there is little 
doubt, that further investigations on these lines will 


rapidly increase our understanding of the functional neuro- 
anatomy. 4 


Likewise, in the field of Neurophysiology the technology 
advances have made it possible to study Simultaneously the 
electrical and biochemical events in a Single neuron in cul 
ture. More and more physiologists are now utilising the 


Cells or immno-«} 


nts with a variety of Conditions, 


Coma, localisation of lesions, 


: epilepsy 
monitoring during surgery etc, 
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The most spectacular advances of the last deoade have 
been in the field of neurochemistry, Antibody production by 
‘hybridomas togather with recombinant DNA technology and rapid 
methods for nuclei acid sequencing represeiut some of the 
major technological break throughs of recent years which 
promise to revolutionize the practice of neurobiological 
research in the future (Cohen 1981). Inste2d of the two 
Classical transmitters-acetylecholine and epinephrine, near- 
ly 40 different neurotransmitters have already been identi- 
fied and many more are waiting to be found. Neurochemical 
mapping of the brain will continue with vigour and provide 
a third dimension besides morphology and electrophysiology. 
This is not only of theoretical interest but when one 
realises that most drugs acting on the CNS produce their 
effect by interfering with or promoting the effects of 
chemical transmitters, the potentialities of such investi- 
gations become obvious, It has been aptly stated that when 
we learn how the behaviour of neurons which is responsible 
for what we call our own behaviour is affected by man made 
biochemicals, we will learn how to make Compounds that will 
help keep our brains healthy or restore them to health. 

On more clinical level, neurochemical studies have already 
provided the basis of Parkinson disease, Huntingtion's 
chorea and several heritable sphingolipid diseases. The 
practical application of such knowledge to develop diagno= 
stic, carrier detection and prenatal tests for these 
conditions is already established. It is hoped that studies 
focussed on enzyme replacement will in future provide relief 
to these victims, Already the enzyme glucocerebrosidase 
has been isolated from the placenta which may be useful as 
a replecement therapy for patients of Gaucher's disease 
(Brady and Barrange 1981). 


Of even far greater significance are current biocheni- 
cal investigations dealing with memory disorders associated 
with agéing. There is evidence to suggest that a selective 
deficit in some cholingergic neurons perhaps those in the 
septo-hippocampal tract—has an etiological role in the memory 
disorders associated with ageing and Alzheimer's disease. 
Agents that increase the release of acetylcholine from these 
neurons might help palliate the memory loss. A number of 
substances like physostigmine, L-dopa, vasopressin have 
shown promising results. It is hoped that these studies 
will result in developing a rational basis for treating 
atleast some of these deficits. 


This brings us to one of the most exciting development 
in the field of Neurosciences i.e. neural transplants. 
Bjorklund from Sweden, and several other workers, have demon= 
strated unequivocal evidence of development of anatomical, 
biochemical and functional connections between the host 
tissues and transplanted embryonic neural tissue. Following 
lesions disconnecting the septal area from the hippocampus 
transplants of embryonic hippocampus or a cell suspension 
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from the septal area resulted in anatomical ee ie 
growth of the transplant resulting in return O ae oe 
Similar experiments have also been tried fascias Bp 
ing lesions in the striato-nigral pathways. Thi ee 
immense possibilities, so far considered as scien ae 

for the treatment of a variety of brain disorders. 2 es 

may thus usher in an era of what may be called a “mini 
transplant of brain". 


One could likewise enumerate the advances in the field 
of immnology. As already mentioned many of the ae 
in neuroanatomy and neuro=chemistry have been the direc 
result of application of growing sciences of immunology. 

It is no exaggemation to say that all branches of neuro= 
sciences, neurobiology, neurology, neurochemistry, neuro= 
endocrinology, neuromuscular research, neuropharmacology 
and even psychology will increasingly involve either 
immunologic methodology or fundamental immunology. It is 
expected that specific antisera will increasingly be used 
in future to identify viral and other extraneous antigens 

in the tissues. Some progress has already been made in 
developing diagnostic tests for tuberculosis and parasitic 
diseases of the CNS, acute inflammatory polyneuropathy, 
polymyositis, mitiple sclerosis etc. (Hughes 1980, Asbury 
and Lisak (1980). Immnological techniques are also being 
applied to solve the problem of malignant gliomas (Gerosa 

et al 1981). This brings me nearer home to problems related 
directly to clinical medicine. The first step in management 
of any disease entity is our ability to diagnose it. The 


next few paragraphs briefly summarise the current trends and 
future directions in this respect. 


Advance in diagnosiss= The application of electronic and 
Computer science has opened up immense potentialities for 
improving our diagnostic Capabjlities. |The invention of 
Computerised Axial Tomography (CAT Scan) by Hounsfield has 
undoubtedly revolutionized the neurological diagnostic 
Capabilities, There seems to be enough truth in the state- 
ment that after the to discovery of X=rq 


yS by Roentgen, CAT 
Scan is the greatest invention in the field of medicine. 
In matters of 


minutes, it is now possible visualise the 

gross morphology of the brain to be able to detect leisons 

as small as a few millimeters and many a times also establish 
the nature of the lesions, The third generation CT scans 
have already enhanced our Capabilities in this regards, 

There is no doubt that further Sophistication will soon 


result in overcoming some of the Shortcomings already obvious, 
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While the CAT scan shows the morphology of the brain, 
Positron Emitting Tomography (PET) developed by Sokoloff, has 
already added the important component of providing information 
regarding metabolic function of a given area of the brain. The 
technique, still not commonly available, has already revealed 
information not only regarding the socalled organic diseases 
like infarcts, and tumours, but also-some socalled functionol 
disorders like epilepsy and mental disorders like schizophre= 
nia, dementia etc. So far the technique is restricted to the 
Study of glucose utilisation by different parts of the brain, 
at rest, during function and in disease, steps are already 
on way to study as to how the brain makes proteins or how and 
where the drugs act in the central nervous system. 


Since Egas Moniz introduced cerebral angiography in 
1928, it has become the most commonly utilized diagnostic 
technique in Neuro-radiology. Even with the availability 
of CAT scan, this was the only technique to study vas- 
Cular lesions, This is an invasive technique and in the 
best of hands carries a very minimal but definite risk of 
morbidity and even mortality. The introduction of digital 
angiography, utilising intravenous injection of contrast 
and use of computers to provide the clear pictures, will in 
near future replace the invasive technique by a non-invasive 
method. This would provide complementary and supplementary 
information to what one can get from isotope studies of 
regional cerebral blood flow. Commercially available cir- 
Culograms Can now provide quantitive information regarding 
cerebral blood flow in predetermined regions of the brain. 
A combined use of these various non-invasive diagnostic 
techniques in future will no doubt provide a mch more 
complete picture, morphological biochemical and functional 
of a lesion than has hitherto, been available. 


Another technique, known for years to the chemists has 
recently been applied to the study of human brain iee. the 
technique of Nuclear Magnetic Resonance (NMR). An NMR 
machine constructed by Thorn=-EMI Ltd. has already been tried 
for clinical purposes. This provides a remarkably clear 
differentiation between grey and white matter, Posterior 
fossa structures are visualised with substantially less 
artefacts than with CAT scan. Brainstem is much better seen. 
Though the technique still require thorough clinical evalua- 
tion it appears to have considerable potential in the diagno- 
sis of neurological disease (Doyle et. al. 1981). 


To this may be added the neurophysiological techniques 
liked evoked potentials, telemetric EEG recordings, with 
or without implanted electeodes, electrocochleography or 
electroretinography, which in future will undergo greater 
sophistication and better understanding. . 
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Before I give an impression that all these ra ene 
will replace as astute clinician, let me say tha re WAR AG 
clinician will always be the most essential person: &® 
when to utilise these techniques, how to interpret ERPras 
correlate their findings, apply them to the patient as a 
whole and modify them to enhance their utility. 


Last but not the least we come to therapeutic consi-=- 
derations in my own field of primary interest i.e. Neuro- 
surgery. We have travelled a longway since the early hie 
of this century when the founders of this speciality working 
against all ofds gave it a respectable start. Many opera- 
tions that were considered formidable and carried unaccept-~. 
able mortality or morbidity have now become common places 
With the advances in diagnostic capabilities, anaesthetic 
techniques, intensive care facilities and improvement in 
surgical skill, a number of till recently inoperable condi- 
tions, have been successfully treated surgically. Thus 
Surgery for deeply situated tumours, vascular malformations 
like aneurysms and angiomas, revascularisation procedures, 
epilepsy, Parkinson's, disease etc. has progressively evolved 
as a safe and reliable mode of therapy. However, a large 
number of problems remain unsolved, The most important that 
comes to mind is the treatment of malignant gliomas which 
constitute nearly 50% of all brain tumours. Inspite of 
nearly a century of efforts, which have reduced the operative 
mortality, cure is not in sight. We hope that concerted 
multipronged attack will in future provide a: solution for 
the successful management of these tumours also. 


Recent years. have seen the introduction of micro- 
Surgery, laser and ultrasound ete. to enhance our surgical 
Capabilities and make surgery Safer. Future would un- 
doubtedly see an increasing utilisation of these ‘and other 
more refined technologies to improve our results. A-brief 
mention may be made here of the increasing use of electro= 
nic implants to make the "blind sec" and the."deaf hear", 
Promising beginnings have already been made in this direction. 
However, if one is permitted the luxury of cystal gazing, 
One wonders whether the future neurosurgeons would not take 
the caues from our laboratory Colleagues and take recourse 
to embryonic transplants to enhance the fading mental functions 
of the aged or to replace a damaged part of the brain, 


(Ann. Natl. Acad, Med, Sci. (India 18,2 
Sermo 7 ), 18,2, April-June, 1982 
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Psychiatric Research in India 
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The progress of psychiatry in India during the 
last 435 years is indeed impressive. At the time of 
Independence in 1947, there were just a handful of 
Indi an psychiatrists looking after some 20 odd mental 
hospitals scattered throughout the country. Colonel 
M. Taylor (1946), who reviewed the status of mental 
health services for the Bhore Committee on Health 
Survey Development in India, ruefully noted the gross 
inadequacy of mental health services. A major 
recommendation of the Committee (1946) was to start 
llocal training facilities. for doctors and other health 
professionals in the field of mental health. The first 
landmark was the opening of the All India Institute of 
Mental Health at Bangalore in 1954. The role of 
Dr. Mayer-Gross, who was closely associated with the 
development of this Institute in its early years, will 
be long remembered by many Indian psychiatrists. 


Following this event, progress was rapid. Soon 
anumber of other centres in Delhi, Chandigarh, Bombay, 
Calcutta, Madras, Ranchi,Lucknow, etc., took up 
postgraduate training programmes in psychiatry. At 
present there are over 25 postgraduate training centres. 
Every year about 80-100 new psychiatrists qualify 
(the present total number of qualified psychiatrists 
in India is about 800). Psychiatry is no longer confined 
only to mental hospitals (which number over 40), but 
has spread to over 150 teaching and other general 
hospitals. In many states like Kerala, Tamilnadu and 
West Bengal there is now a psychiatrist at almost every 
District. There are also many psychiatrists, especially 
in the big cities, who have gone into full-time 
private practice. However, total mental health 
problems of India are nowhere near a solution. For a 
population of about 700 million, the ratio still 
remains about one psychiatrist for a million people. 
Other mental health professionals are even fewer, 
and facilities are mostly confined to big cities, 


Against the background of such limited resources 
and heavy pressure of patient care work, many psychiatrists 
in developing countries necessarily regard psychiatric 
research as luxury. On the other hand, many others have 
felt that service, training and research are three 
essential components of any good health programme and 
research is of vital importance for a developing country. 
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At the time af Independence, psychiabr? © ae 
was virtually non-existent. Doce Teas re ana Jae 
papers by. Indian psychiatrists had appe7re eae 
literature but these were very few and Be O eae "és 
psychiatric research was being conducte a pe ae 
meetings of the Indian Division of the Roy ; Prk units 
Psychological Association, which were not isk : 1a46 
provided a forum for academic discussion. — gs tear 
the annual meetings of the independent Indian Saga, 
Society have become the principal forum for Boy oe Stats, 
research presentations. The main impetus fe eee E ; 
however, came with the opening of the psy chia pao 
postgraduate training centres, Many of these cen 
were Situated in teaching medical institutions in f 
general hospitals and these provided not only specia 
laboratory helpy but also much needed research 
atmosphere, 


One major handicap to a research Scientist in a 
developing country is lack of openings for publication. 
Research workers in developing countries often ‘feel, 
perhaps unjustifiably, that their papers are refused 
not so much for the content of the research material 
aS for the poor sophistication in presenting the results 
in a foreign European language, It is also true that 
problems relating to India may not be of much interest 
to the average reader of British or American psychiatric 
journals. Thus, emergence of local journals has been 
a significant step in the promotion of medical research, 
In India at present there are five.or six journals 
devoted to psychiatry, clinical psychology and related 
mental health disciplines, of these, the Indian Journal 
of psychiatry, under the editorship of first Dr .Venkoba 
Rao and now Dr. B.B, Sethi, has, during the last ten 
years, emerged as an important national journal, 


This Journal, like many others in developing countries, 
has had a chequered carée - After going out of 
Publication a couple of times in the 1950s and 60s, 
it has slowly established itself as one of the leading 
journals of psychiatry in the developing countries, 
Recently, Dr. H.B.M, Murphy (1980), who is Chairman of 
the Transcultural Psychiatry Section of the World 
Psychiatric 4SSociation, paid it a rich tribute by 
observing: "The most important Journal for transcultural 
psychiatrists, in many opinions, is the Indian Journal 
of Psychiatry, This has now blossomed into a Solid 
wideranging yournal, Nearly every issue has reports 
Which show how local cultural traditions are moudling 
both the manifestation of mental disorder and the wa 
disorders need to be handled on the Sub-continent, 


Reviewing research ublicati 4 | 
the last three decades in SS eee PSychiatry over 


India, Wig and aktar (1974) 
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observe that there has been a significant shift in the 
interest of investigators between the first 15 years of 
Inde ,endence and the later period. Whereas the earlier 
publications related more often to psychoanalytical theory 
and individual case records, research publications after 
about 1960 have more often been in the area of 
psychiatric epidemiology and social psychiatry. It 
seems that the research interest has shifted from the 
individual to the community. This perhaps, reflects 

the present political and social realities of India and 
the developing world, 


In this brief newsletter mention will be made of 
Indian publications in psychiatric epidemiology, natural 
history of mental illness, delivery of mental health 
services, psychodynamics and the development of local 
indigenous psychological tests for research and other 
purposes, In the field of psychiatric epidemiology, 
there are now more than 15 fidd survey reports from 
all parts of the country, from urban as well as rural 
areas, discussing the prevalence of mental illness in 
the community. In addition studies on special 
populations, such as children, industrial workers, and 
immigrants have been published, Data are now available 
about the prevalence of mental disorders in general 
nealth services, or patients attending private practi- 
tioners and primary health centres. Separate data on 
mental retardation, epilepsy and alcohol and drug depens 
dence have also been collected. The quality of these 
publications has steadily improved and many of these 
reports have been published in the British Journal of 
Psychiatry, Acta Psychiatrica Scandanavica, and other 
international journals of repute. Some of these studies 
have broken fresh ground by developing newer techniques 
of case identification, mental state examination, etc, 
more suited to local conditions, Not very long ago 
it was a popular belief in European psychiatry that 
mental disorders and especially conditions like schizo- 
phrenia and depression were uncommon in poor astern 
countries. These studies have provided enough evidence 
to show that mental disorders are as widely prevalent in 
India as in Burope or North America. 


Next to psychiatric epidemiology, perhaps the 
largest number of research publications in India is 
available in the field of clinical psychiatry. Many 
researchers have focused their attention ae Gate 

ariation of psychiatric syndromes aS seen in this 
Me of the ae A and compared then with the well-known 
descriptions of European and american text books. For 
examples in studies on schizophrenia, Indian colleagues 
have reported much more of acute and catatonic cases 
than are seen in the West. Depressive cases are reported 
to have more of somatization and hypochondriasis, but 
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in India have 
BOPH Ge eth Pel ipa ese ERY pare peers? psychotic 
commented on the occurrence of bri 2 nis aco eles 
episodes with relatively good outcom sae aeeat is related 
remains uncertain, but some of these a ctiecdoqeaiae. the 
to stressful environmental factors ay nikal <iamreeaat aae 
aed? ucts lla el sted ieee eae aii International 
There ‘are also indications, as noted in iaeiaeatiae 
fag of pa pecnainags Si are ar yoen: bake agent may be 
Agra that prognosis ( av 
pies i eagA and ee eben A See i Rite | ot. 
the USA. ases 0 t mig 
pak i large numbers in Indian psychiatric ee” 
whereas cases of sexual deviation are still = pp 
But one of the commonest sexual disorders iden 
i re-bound phenomenon 
by Indian psychiatrists is a cultu 
referred to as 'Dhat Syndrome'! in which a young an 
with relatively poor Socioeconomic and educationa 3 
background presents with multiple somatic ace ie 
along with a feeling of physical and mental exhaus ion. 
The patient attributes this to the passage of semen in 
the urine, and there is also guilt about loss of semen 
by nocturnal emission and masturbation, There is a 
widespread cultural belief in India (and many other 
neighbouring countries) that semen is a very precious 
bodily fluid and its loss leads to serious bodily and 
mental illness, In popular folk medicine, as well as 
in the ancient well-developed system of ayurvedic 
medicine, such symptomatology is clearly recognized as 
an illness and many herbal and non-herbal remedies 
EXUSh-.) ; 


Another area of research which has attracted a 
good deal of attention in recent years and where Indian 
psychiatrists have made Significant contributions concerns 
delivery of mental health services, Near Chandigarh in 
North India and near Bangalore in the South, two outsta- 


ote aa apm ; aa te Sits: Following 
the | Vv ¢ tate Dr. Vidya Sa ar at 
Amritsar and later at Rohtak in North DHaLaS imaity Tae ten 
particul aly in general hospitals, insist on keeping a 
relative in the ward along with the patient. at Bangalore 
es peter tt Speciall studies to tes 

Such methods are being done, JU 

psychosomatic conditions theta Soe eae eu 


in Bombay and other centres, 
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Contribution of national and international agencies in 
mental health research Shaw 

Medical research has become a complicated affair 
which requires not only the inclination and talent of a 
research worker, but also much more in terms of money, 
equipment, training etc. Traditionally these have been 
provided by university departments, but many countries 
have evolved national research organizations which 
encourage and support medical research. In India, 
the Indian Council of Medical Research has, during the 
last 30 years, made a most significant contribution in 
the country's effort toward selfsufficiency in research. 
About 20 years ago, a Separate expert group on mental 
health was constituted which met annually and reviewed 
ongoing research projects and sanctioned funds for new 
ones. A new impetus to mental health research was 
provided by the bold policies of the current Director- 
General of ICMR, who constituted a national advisory 
committee on mental health. After the committee's 
deliberation in 1979, it was decided to form seven research 
task forces in the several areas of mental health. 
In 1980 these task forces selected priority areas of 
research, The list was then finalized by the national 
advisory committee, About nine topics have been chosen 
for multicentred collaborative research. These are: 


1, Phenomenology and natural history of acute psychosis; 
2, Study of illness behaviour in patients with pain; 


3. Factors affecting the course and outcome of 
Shizophrenia; 


4. Study of psychiatric problems of the aged 3 


5. A comparative study of the patterns of childhood and 
adolescent psychiatric disorders; 


6. Training for general health personnel in the delivery 
of mental health services; 


7. A study of the training programme for the non 
psychiatrist primary health care doctors; 


8, Study of the prevalence and pattern of drug use in 
the community and the effects of intervention 


programe; 


9, Development of psychological tests. 


This experiment will be watched with great interest 
in the hope that it will create the necessary atmosphere 
for more meaningful research in the country. 
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The contribution of the World Health Organisation 


The World Health Organisation has made a major 
contribution in promoting mental health research in SE 
Asia. During the last ten years under the dynamic 
leadership of the Division of Mental Health, a number of 
new programmes have been developed. Following the 
first WHO collaborative research projects have centres 
in India, Such collaborative research has brought the 
local workers in contact with top experts in the 
international field. It has increased their confidence, 
provided them with new research opportunities and been 
a great help in improving the quality of research, 


V9 
A’ SANGUINE FUTURE FOR BIOMATERIALS 


The increased flexibility and inherent selectivity 
for albumin of new polymers may finally make 
possible small blood vessel repair 


by Thomas H. Maugh II 


_ The body is an extremely harsh and discriminating 
environment for implanting foreign material as prostheses, 
When such materials are implanted, says Allen S. 

Hoffman of the University of Washington, "the body 
generally has two responses: wall it off or destroy 

it. Those responses lead to many problems, such as the 
formation of clots or thrombi. What is needed, says 
Donald J. Lyman of the University of Utah, is a "polymer 
that is compatible with its environment, and we are 

now beginning to approach that situation" 


One area where that approach is being made is in 
the repair of small blood vessels-those with a diameter 
of less than 6 millimeters. Thrombogenesis causes 
most potential small blood vessel replacements to be 
blocked or occluded, often in less than an hour. When 
small vessel repair is required now, the material of 
choice iS a saphenous vein from the leg. But this 
procedure requires the trauma of two operations-removal 
of the vein from the leg and reimplantation elsewhere- 
and aS many as 25 percent of prospective patients do 
not have a satisfactory saphenous vein. Lyman esti- 
mates t.at as many as 300,COO individuals could be 
helped each year if a synthetic small vlood vessel 
replacement were available. : : 


Such help may be on the way. Lyman announced at 
the recent Macromolecular Symposium of the International 
Union of Pure and Appligd Chemistry that he has a 
synthetic vessel that will enter clinical trials in 
humans before the end of the year. Hoffman, at the 
same meeting, disclosed that he hopes soon to begin 
long-term trials of a small artificial blood vessel 
in baboons. Although neither will reveal the precise 
compositions of their potential prostheses until patent 
applications have been filed, the two materials are 
obviously quite different. The two products are charac- 
teristic of a dichotomy that pervades the entire field, 
and they illustrate many of the problems that are 
involved in the use of biomaterials. 


A major problem is that the nature of the 


interaction between blood and polymer is still largely 
a mystery. The large synthetic vessels that were first 
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implanted in the 1950's, says James M. Rndgente es 
Case Westérn Reserve University, "were so oye 

that nobody looked to see why they workcl. Ries 
recently have’ scientists begun to investigate 
interaction in detail, and their success has i 
limited. "If you really look at it," says Lyman, 

of us knows what we are talking about. We have our 

own hypotheses, we think thrombogenesis occurs in a 
certain ways, and this helps us design our experiments. 
Another group may have their own hypotheses that are 
quite different, but that help them design their experi- 
ments. These controversies add to the excitement 
because we are pioneering into a whole new level of 
under Sstanding'} 


While the details of mechanism may remain a mystery, 
a more general overview is emerging. One key event, 
nearly everyone agrees, is the adhesion of platelets 
to the polymer surface. That event initiates a 
complex chain of reactions that results in formation of 
a thrombus. Platelet adhesion, however, is controlled 
by an earlier event, the deposition of a layer of 
protein on the surface of the polymer, 


It has been recognized since the 1950's that 
a surface coating of albumin seems to reduce thromboge- 
nicity, but the reason for this remains a mystery. 
Nonetheless, the goal of most investigators has been 
to find some way to coat the surface of the polymer 
With albumin, 


There are two principal ways to produce a surface 
coating of albumin. Lyman has sought to synthesize 
new or altered polymers that have an intrinsic 
attraction for albumin. Hoffman and others, in 
contrast, have sought to modify the surface of 
existing polymers to increase compatibility while 
maintaining the mechanical and permeation characteristics 
of known materials, : 


Lyman has worked primarily with block copolymers 
of ethers or esters with urethanes or urethane and 
mh. that ye long segments of polyether, for 
lnstance, interspersed among some what longe 
of polyurethane, These combinations have : Abi Red eae 
high Selectivity for albumin. Even SO, there is a % 
wide range of selectivities depending on the relative 
proportions of the two components, the length of the 
ether chains, which component lies on the Surface 
and so forth-a complex of properties that Lyman 
characterizes aS a balance between hydrophobic and 
dispersive forces. "Subtle variations in struct ‘ 2 
he says, can have "dramatic biological impacts nae 
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After what Lyman characterizes as "10 years of 
quite hard work," the group found the composition that 
seemed to be best and began implanting artificial 
vessels of small diameters into dogs. To their great 
disappointment, the implants failed within 200 
hours, Examination showed that it was not the synthetic 
vessels that were being occluded but the natural 
vessels next to the implant. This phenomenon, which 
was previously known, is called an anastomotic effect 
because it is caused by the juncture, or anastomosis, 
between the natural and synthetic vessels, 


A variety of causes are thought to be responsible 
for this effect, including the trauma of surgery, the 
nature of the stitches used to join the vessels, 
differences in the surfaces of the materials, the loss 
of endothelial cell linings at the juncture, and 
differences in the elasticity or compliance of the 
vessels. Whatever the cause, the eventual result is the 
proliferation of smooth muscle cells within the vessels, 
impeded blood flow, and occlusion of the vessel. Lyman 
concluded that the most important factor. was the 
difference in compliance. "The polymers were as stiff 
as steel pipes in comparison to the natural vessels," 
he says. The natural vessels can change their diame- 
ters by. as much as 30 percent during the pulsation of 
blood, whereas the diameter of polymeric vessels remains 
essentially unchanged. This creates an impediment 
to blood flow at the anastomosis and leads to the 
eventual failure. ; 


Llyman's group thus began to fashion vessels of 
greater compliance by a variety of techniques. "When 
we implanted that first one in a dog,"says Lyman, 

"we were a little sloppy because our results had 

been so poor in the past. When we took it out 3 months 
later to look at it, however, it was still functioning 
beautifully." The group then synthesized and tested a 
series of vessels of varying compliance. "We were able 
to demonstrate, I think quite conclusively, that as we 
matched the elastic index of the natural vessel, our 
success rate just climbed." A similar approach has been 
taken by David Annis of the University of Liverpool. 


Current implants with matched compliance have 

a survival rate of more than 90 percent after 3 months, 
and some have been in animals for as long as 29 months. 
Lyman has also successfully implanted vessels as small 
as 0.8 millimeter in diameter. "Nobody has gotten the 
results we have in small vessel repair," he ar gues-with 


justification. 
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in i artificial 
Lyman hopes to begin implanting the arti 

ee ee humans by the end of the year but pape oi 
look for dramatic results, The initial Ppodt eae 
likely be conducted on patients facing em Sh eee 
"who are perhaps in such poor condition that not eee as 
short of replacement of all blood vessels in the a 
help. If we can extend the survival of the limb even ; 
a short time without adverse effects, then we will fee 
confident in moving on to patients whose conditions 
are not quite so serious." Lyman has used a similar _ Bi 
approach to design artificial ureters that.have survive 
as long as 2 years in dogs. 


Hoffman and his colleagues, in contrast, have 
attempted to treat the surface of polyesters and 
Silicone rubbers, which already have many medical uses, — 
to reduce their thrombogenicity. He has done this primarily 
by grafting vinyl monomers onto the surface, By com 
bining two monomers in various proportions, it is | 
possible to produce surfaces with varying degrees of 
hydrophilicity. 


Hoffman assayed the efficacy of the surfaces by 
inserting a 10-centimeter segment of tubing, 4 
millimeters in diameter, between a vein and an artery 
in the leg of a baboon and monitoring the disap- 
pearance of platelets from the animal's blood. The 
coating that produced the least destruction of 
platelets was most desirable. To his Surprise, Hoffman 
found that the most effective coating was relatively 
hydrophobic, absorbing only about 15 percent water, 


Using the same principles, Hoffman's group has 
Subsequently constructed other surface coatings but: 
with different monomers. He told the Macromolecular 
Symposium that 4-millimeter knitted Dacron polyster. 
tubes coated with these materials remain open in the 
baboon shunt for at least 3 weeks, the longest time 
they have so far monitored them; a comparable Dacron’ 
graft, in contrast, becomes plugged in less than 2 hours, 
He anticipates that the vessels Will survive much 
longer, since "the acute phase of the interaction between 
blood and polymer is most important," and he plans to 
begin long-term implants in baboons soon, 


eae ft nua must be tempered Ssome-what, 
Ly age Oo recent results obtained b e 

and Mark Munro of the University ‘eee ree ee 
Student, noted that there have been reports that al bumi 
Selectively adsorbs long-chain fatty acids and Suggest 4 
to Eberhart that they make use of this phenomenon i 
The two investigators alkylated the interior of ad 
millimeter polyurethane tube with hydrocarbons containing 
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16 and 18 carbon atoms. They found that the coated 
tube had. a very high selectivity for albumin in blood; 
the surface was self-renewing, furthermore, since 
denatured albuminwas sloughed off and replaced with 
fresh protein. 


When 6-and 8-centimeter segments of treated 
tubing were exposed to the circulatory system of dogs 
forsiperiods.of 50. minutes to 4 hours, they showed little 
or no trace of fibrin or platelet thrombi; untreated 
tubes became plugged in as little as 30 minutes, 
Bncouraged, the investigators implanted the tubes for 
longer periods. Treated tubes examined after 40 to 80 
days, however, were found to be completely blocked 
as a result of the anastomotic effect, a finding which 
seems to uphold Lyman's conclusions, 


Eberhart and Munro are now doing modeling studies 
to find some way to get around the problem of the 
anastomoses. Meanwhile, they have alkylated small 
samples of other polymers used for biomedical 
applications where blood is contacted. Their preliminary 
results, Eberhart says, look aguite promising. A 
Similar system for coating poiyser surfaces has 
also been developed by Wolfram “rieger of Battelle- 
Frankfurt in West Germany. 


The field of biomaterials is, obviously, still 
in its infancy. Even Lyman's new material, which is 
the most advanced, "is not the best polymer or the 
final. ONS poche says. "J prefer to think of it more 
as the Model T of the field-it will be Superseded 
by more technologically advanced enaee! but*it will 
have proved that the concept works 


(Science, 217, .4565 (Sep.17,1982) pp. 1129-1130) 


; 18 3 
U.K. in Dilemma over Biotechnology 


by David Dickson 


Despite the pioneering work of its molecular ipa pb. 
Britain's position in biotechnology has been allowed to slip 
"because for too long too little attention has been Sake 
to the importance of a clear science policy for the UeKes 
according to a report published by a British parliamentary 
committee last month. 


The report is based on evidence presented at a series of 
hearings held over the past year before the Education. Science, 
and Arts Committee of the House of Commons. The nine members 
of the committee, chaired by Labour member of Parliament 
Christopher Price, make a Series of suggestions for ways in 
which the British government might help boost its biotechnology 
industry. The main thrust of the committee's report is to 
argue that the problems facing biotechnology in Britain are 
Symptomatic of deeper dilemmas facing the British research and 
development system as a whole, in particular, the lack of any 
sense of strategic planning. 


One of the principal starting points adopted by the 
parliamentary committee is a report published in March, 1980 
by a working party made up of leading members of the academic 
and industrial research communities. The so-called Spinks 
report, which took its name from the working party's chairman, 
Alfred Spinks, advocated a substantial increase in government 
commitment to biotechnology. It Suggested, for example, that 
an investment of several million pounds be made in new university 
Staff and equipment, and that the University Grants Committee 
(UGC) and the research councils, with the backing >of the 
universities, "should support the expansion of a limited number 


of centers of excellence in biotechnology from the best exist= 
ing in universities," 


The Spinks report's recommendations did not receive a 
warm welcome from Prime Minister Margaret Thatcher's Con-= 
Servative government. A Subsequent government white Paper, 


been raised, 
the €0vernment's 
Sive," Says 


"When witnesses were as 
Tesponse to Spinks, 
the report, 


ked for their views on 
they were uniformly dismis 
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The committee itself picks up and repeats several of the 
themes running through the Spinks recommendations. In parti- 
Cular, it notes that "the lack of coordination in governmental 
activities in relation to biotechnology noted by Spinks seems 
to be but a reflection of a greater lack of coordination in the 
management of science policy generally". 


The theme is an increasingly popular one among industrial 
circles in Britain. ‘Two weeks ago, the Confederation of British 
Industry produced a report "Technology=putting it to work", in 
which not only was biotechnology identified as one of the main 
areas on which Britain's future prosperity depends, but the 
complaint was made that "Britain has no effective forum in which 
to generate consensus on industrial objectives". 


5° far, Thatcher's government has steered clear of any 
broad effort at selectivity in industrial policy. At the 
research level, however, there has been more movement. A new 
company, Celltech, was set up in 1980 with a mixture of public 
and private capital to exploit the results of biotechnology 
research sponsored by the Medical Research Council (MRC). The 
Science and Engineering Research Council has recently establi- 
shed a new directorate in biotechnology. And the UGC has 
taken the relatively unusual step of allocating extra funds 
to a few selected universities to boost their efforts in this 
AaLreCae 


The House of Commons committee argues strongly for even 
greater movement in this direction. It criticizes the MRC / 
Celltech agreement on the grounds that it creates a monopoly 
on the exploitation of the research, suggests that the research 
council practice of earmarking a proportion of its funds for 
biotechnology should be “rapidly improved", 


Despite its bipartisan composition, the committee contains 
some thinly veiled criticism of recent government cuts in 
support for universities, and their impact on researche Despite 
the extra money that has been allocated by the UGC, "we are still 
concerned that in many universities and some polytechnics the 
research base remains at risk and needs more resources if we 
are to naintain Britain's present lead in this area" said Price 
last week. 


(Science, 217, 4562 (August 27,1982) pe 12) 
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Bills Proposed to Curb Export of Technology 


by Gina Kolata 


Last January, Admiral Bobby in-man, then ei eee! goer a 
of the Central Intelligence Agency, predicted aplicws Ch ueee 
logy transfer to Communist countries contimes at x fe! to 
rate, Congress will be forced to take legislative ac ee 
stop what Inman called "this hemorrhage". Bills have been 
introduced in the House and Senate to do just that. 


Their aim is to set up a new agency, called the Office 
of Strategic Trade, to take over the role in controlling 
exports now assumed by the departments of Commerce, Defense, 
and State. The Senate bill was introduced on 12 August by 
Jake Garn (R-Utah), and the House version was introduced by 
Robin Beard (R-Tenn). 


One of the aims of the bills is to clamp down on 
exports now allowed by the Commerce Department. Garn, in 
introducing his bill, spoke of the conflict within the 
Commerce Department over its dual role in promoting trade 
and preventing technology transfer. Because of this con= 
flict, said Garn, "Commerce does not and will not devote 
adequate priority and resources to export control". 


Beard, in a letter to his colleagues in the House, 
expressed similar concerns and added that the State Department, 
too, may be overly lax in its export policies. "The State 
Department is similarly constrained by foreign policy concerns- 
Concerns which unwittingly affect export control decisions, 
he wrote. 


It is highly unlikely that either bill will get very far 
in this Congress. But the introduction of the bills indi- 


cates that Inman's prediction of eventual legislative action 
may be accurate, 


(Scinece, 217,4564 (September 10, 1982) p.1016) 


Laser Battle Stations: Back to the Drawing Board 
by William J. Broad 


Gung=ho advocates of laser battle stations suffered a 
Setback last month. House-Senate conferees agreed to 
broaden the scope of basic research, to slow the pace of 
laser development, to raise the question of survivability, 
and to ignore a call for a demonstration laser in space. 


What prompted the move on basic research was a Con-= 
gressional debate during the spring and summer over the 
utility of long-wavelength lasers, which to date have consu- 
med more than $2 billion. The House, citing the laws of 
physics in a rare display of scientific reasoning, said the 
money waS wasted and that only short-wave-length lasers would 
suffice for the fighting of war in space (Science, 4 June, 
pe 1082). The Senate disagreed and warned that the United 
States might lose the race for the domination of space to 
the Soviets; it called for laser battle stations based on 
technology already at hand. 


The conferees came up with a Compromise. lLong-wavelength 
programs have not died on the vine, but conferees in their 
markup of the 1983 Defense Authorization Act put in $ 20 
million for the study of short-wavelength lasers, shy of the 
House's $ 50 million request but enough to get the program 
rolling. 


More important fcr those in the House who urged a slow 
approach to the development of the best systems, the Ccon- 
ferees killed a $ 40 million program that would have given 
the Air Force the go-ahead to start a laser empire of its 
owne The program, which would have run 3 years, soaked up 
more than $ 120 million, and been centered at the Air Force's 
Space Command in California, would have clearly taken lasers 
out of the developmental stage and into the field. 


The conferees in effect put lasers back on the drawing 
board. Most existing programs are now conducted by the 
Defense Advanced Research Projects Agency, 


In addition, the conferees added $20 million for the 
study of laser "vulnerability and lethality", which will 
determine whether lasers can be effective in space and whether 
they can withstand various attacks. This was a heartening 
development for critics who feared major problems were being 
overlooked. One question is whether space lasers can with- 
Stand the millioavolt surge of electricity caused by distant 
nuclear blasts (Science, 12 March,p.1372).Another is whether 
they can withstand a zap from other lasers, 


In a gesture that affected no specific program but was 
a clear signal of congressional intent, the conferees also 
deleted Senate language that called for an orbiting demon- 
stration of a laser battle station by the end of the decade. 


(Science, 217, 4564 (Sept. 10, 1982)p.1017) 
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International Science 


by Philip H. Abelson 


in i ional scientific 
Those who have particip ated in international 


alues 
activities are generally enthusiastic about Fin aR, Fer 
flowing from them, Activities seg her isles ah: 
training sabbaticals, individual Leen eee Se 
symposia, and work at shared major faci a ce 
benefits include the advancement of science, & pe eR 
of advances elsewhere, and a contribution to in 


amity e 


I have repeatedly encountered scientists who have 
spent a year or more in the United States. Their eS 
friendliness has been most heartwarming. These peop 
have often been successful in science and , in addition, 
have reached important positions in their homelands. 
All too frequently, around the world the United States 
is lied. about or criticized unfairly. Our scientist 
friends quietly help to limit the damage from such 
propaganda. They are some of the best ambassadors of 
goodwill for this cauntry. 


But too many of these friends are no longer young. 
They were brought here in the postwar period, when 
support for foreign fellows was liberal, Since then, 
funds for postdoctoral fellowships for scientists from 
other countries have decreased. This is unfortunate. 
At the postdoctoral level identification of talented 
Scientists is relatively easy, The good judgient of 
an international network of scholars can be utilized 
to place these young people in spots where they can 
attain growth in stature while participating in frontier 
research. <A number of biomedical fellowships are 
available, but the picture is dismal in other areas of 
the natural sciences, 


Humans apparently have a deep-seated need for 
interacti°n, The number of sessions of various clubs 
and organizations must amount to millions each year. In 
much of human activity, participants play a zero-sum 
game-there are winners and losers, Those who have not 
participated in creative Scientific work tend to assume 
that interactions of scientists are also zerosum events, 
but this is usually not true, What is often different 
about the interactions of Sclentists, particularly in 
small groups and in one-on-one Situations, is that mutual 
benefits can accrue, Highly creative scientists get 
much of their stimulus and fresh ideas from interaction 
with their peers, They believe stronetv in the net 
positive value of such contacts and are hence impatient 


and critical when actions of government interfere with 
the mobility of Scl entists, 
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In Washington, the view seems to be that we are 
Superior, that we can only lose by interaction with foreign 
Sclentists. We have much to learn from others, and our 
position will not be improved by isolation from them. 

One factor that may not be appreciated is the behavior 

of scientists in one-on-one situations. These are 

very effective models of interchange, whether they 

occur at the time of scheduled meetings or otherwise. 

Top Scientists understand that in order to get information, 
One must give it, They spend little time in situations 
in which a balanced or favorable exchange is not 
forthcoming. Rather they seek encounters which can be 
mutually rewarding and where enthusiasms can be shared, 
One of the mistakes made by the Soviet Union is its 
restriction of the travel of its top scientists. If and 
when it sends representatives to meetings, they are 
usually senond-raters or party hacks. Their quality is 
recognized and they are accorded the status they deserve. 
They get little. In contrast, there have been excellent, 
mutually rewarding interchanges with scientists of our 
NATO allies. We should make a special effort to foster 
those relationships. In addition, interactions wi th 

our hemispheric neighbors have been good and these should 
be increased, 


Most human activities lead to little in the way of 
constructive residues. Much effort goes into zero-sum 
games, Along with literary, artistic, and musical 
creative efforts, science is among the few activities 
that leave a lasting heritage and also tend to promote 
international amity rathe@ than foster tensions. In a 
violence-phone world, it is necessary to be prepared to 
defend oneself. But is there no or little room for 
constructive activities that make some contribution 
toward conciliation ? 


(Science, 218, 4574 (Nov.19, 1982) p.745) 
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Rethinking Science Policy 


by Frank Press 


. t 

Something extraordinary happened at the recen 
summit rh tapas at Versailles: science and scale: 33." 
were explicitly recognized as essential to the ae U 
welfare of the industrialized nations. Moreover, 
they are already on the agenda for the next meeting 
of the heads of state in 1983 in the United States. 
The large industrialized democracies now recognize 
that their economic future depends on new industries 
spawned or fed by high technology. That realization 
will surely affect attitudes— and hence policies- 
toward science and technology of the U. S. government, 
in its executive and congressional branches. Already 
a Cabinet report (I) notes that the United States © 
has lost and may continue to lose competitiveness in 
high-technology industries, That declining position, 
Lyeobaves; "has implications for tie iUoS: -standard tot 
living) adding that high technology industry has 
"a ripple effect throughout the economy as other 
industries absorb the new technologies and create 
new jobs" 


In rethinking the roles of science and technology 
in the nation's welfare, several elements need to 
be kept in mind: 


First, it is the future that concerns uss 
Specifically, maintaining scientific preeminence and 
transferring new scientific knowledge to industrial 
practice, It is in the latter art, encompassing 
development and production, that we are displaying 
evident weaknesses, The Japanese have certainly 
demonstrated their excellence in applying existing 
technology to the creation of innovative products 
and processes, Japanese managers continually examine 
the economic leverages possible with these new techno-— 
logies, and continually strive to Shape them for sale 
in a global market. We, demonstrably, are not doing 
aS well in applying our own discoveries in fundamental 
Science and technology. For example, until about 1975 
research and development in robotics was done 
predominantly in the United States, Yet, the Japanese 


now lead in the application of robots, with Burope 
moving up. 


_ Second, in the past few years there has been 
a major change in attitude by American industrial 
management in recognizing the importance of investment 
in long-term research and development and in allowing 
for significant real &rowth in industrial budgets, ; 


se) 


even in times of severe recession. I think that 
American management is increasingly aware that it 

has not done well in drawing from the deep well of 
technological knowledge available to it, and that a 
limited financial outlook has chilled commitment to 

R & D programs inevitably measured in years rather 
than in quarterly reports. However, the charge that 
American management has become risk averse is too 
categorical. Many of our companies—not coincidentally, 
dominantly our leading technological companies-do invest 
heavily, in proportion to their sales, in R&D ; some 
managers invest such huge amounts that they are, in 
effect, "betting their companies," 


Third, a parallel government program for real 
growth in basic research, coupled to the rising industrial 
investment already evident, could make the United States 
an even stronger competitor in the world market for high 
technology. I believe there are many opportunities for 
the reorganization and reprogramming of federal R & D 
funds that would allow for real growth in the support of 
basic research and would create an even more productive 
U. 5,. Sclence, And-that can*be done,v I believejgawi th 
minimum threats to the overall R & D budget. However, 
it would be a risky and hazardous operation, requiring 
an unprecedented process of evaluation, reorganization, 
and reallocation in the face of bureaucratic and,possibly, 
political opposition. It has not been done before, but 
the Reagan Administration seems willing to try and may 
Dring 01.07 T. 


Priorities: A Cabinet View 


Why does scientific research deserve high priority 
support by government and industry.? A few years ago, 
during my tenure as director of the Office of Science 
and Technology Policy (OSTP), I asked oabinet officers 
and agency heads to provide a list of science and techno- 
logy questions, the answers to which they considered to 
be extremely important to the country. They responded 
with some 50 questions that were then, surprisingly, 
discussed at a meeting of the Cabinet. Some of the questions 
were as follows: 


Can we discover antiviral agents to combat viral 
diseases ? 

What are the molecular mechanisms by which genes 
are regulated to produce specialized products ? 
What new information is needed to exploit the 
new recombinant DNA technology ? 
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-To what extent can laser-induced saeet eo be 
used as a practical synthetic tool * ae 
could open up new industrial Re ame ee 
requiring little energy and producing 
environmental problems. 


- How do catalysts work ? 


- Can simple chemical reactions be discovered that 
will generate visible radiation ? 


- What is the nature of climate ? 


- What is the petroleum potential of the Tela cork ani 
nental margin beyond the continental shelf ‘ 


- Can man-machine interfaces be made so simple as 
to allow real-time translation by untrained 
personnel ? Certainly, such developments would 
provide not only improved communication between 
nations but also change our daily lives profoundly. 


Can new materials be developed which would be less 
dependent on critical or strategic elements, 
noncorroSive, and very strong ? 


- How can be environmental stress tolerance of 
current crops and grasslands be improved by genetic 
manipulation ? If we are able to solve that 


problem, some 40 percent of the world's uncultivated 


but potentially productive land can be brought 
into production, 


Can materials be found that superconduct at 
room temperature ? That would revolutionize 
energy transmission and with that, energy policy. 


- What are the limits for communication of the 
channel capacity of the visible spectrum ? 


Some of these questions have already been answered, 
at least in part. If we could answer all of them in the 
next 10 to 20 years, we could transform industry, 
agriculture, health, defense, the use of energy, and 
other resources. The potential for new jobs and the 
growth of our gross national product is huge. The 
answers dealing with electronics have by themselves 


more potential for creating jobs than the automobile 
and steel sectors combined, 


In short, in any national policy intended to 
assure the future welfare of our nation, science and 
technology deserve the same federal priorities as are 
given to defense, tax cuts, and deficit reductions, 
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An Industrial Renaissance 


: An recent McGraw-Hill survey (2) shows that firms 
intend to raise R & D spending in 1982 by 17 percent, 
to $ 59.7 billion, despite the recession, And that 
follows a 16 percent increase in 1981, Further, these 
companieS aS a group project that their expenditures on 
R & D will rise by 37 percent between 1982 and 1985. 

By contrast, from 1970 to 1975, real spending on 
industrial R & D declined by over a percentage point, 
but rose 5.8 percent between 1975 and 1980. 


Thus the pattern of sacrificing longterm spending 
to protect short-term investments during hard times is, 
apparently, being broken. Even with reduced capital 
growth, companies intend to increase the amounts they 
Spend on R.& D. In 1970, another recession year, capital 
Spending was up 6 percent, but R & D went down by 1 percent. 
In 1982, with a more severe recession, capital spending 
is down about 4 percent but spending on R & D will 
rise. In all, the survey suggests that "something of 
an R & D renaissance" is under way in the private sector, 
that U.S. industry is, once again, turning to R & D to 
protect, regain, or widen its lead in the technological 
marketplace, 


Why the new attitudes by industry ? One spur 
certainly is the Economic Recovery Tax Act, passed in 
August 1981. However, increases in R & D spending 
began before that act was in place. I think, rather, 
that given a melange of overlapping problems-intensi fied 
international competition, the energy crisis, 
technological challenges from Japan, and a slowly 
growing economy burdened by inflation-American industry 
has decided that increased investment in R & Dis the 
key to reinvigorating itself, 


A Federal Compact 


Industry, in short, is doing its part: investing 
to assure that fundamental knowledge moves into 
products and processes, It iS now incumbent upon the 
federal government, as the patron of fundamental 
science in the United States (as national governments are 
in all countries), to mirror the industrial investment 
by a parallel increase in its support of basic research. 
That can produce a powerful and autocatalytic enrichment 
of both science and technology, and will surely help 
assure the future economic and military security of the 
United States. Specifically, I suggest a compact between 
government, industry, and universities for the support 
of basic research (3). Such a compact would establish 
new national goals for the support of science, as follows: 


Rey 


28 


1) A stable research budget. The basic Eee eee 
budget would increase each year at a rate eer rene 
inflation and permit a real growth of @ har penta 
an annual increase would respond to the need : teres 
and predictability in establishing long-term pila an 
goals. It would provide for the inflation eae pa eee 
to the costs of doing science as new methods and aia q 
emerge. Such support would be the base program for a 
scientific fields. 


2) Special support. An additional but smaller 
annual increase in real growth would support special 
targets of opportunity in particular national needs, or 
supplementary funding to assist with essential 
instrumentation and research facilities. 


3) Increased productivity. The scientific community 
and the government would cooperate in transferring 
funds from less productive scientific and technological 
areas and institutions to more productive ones, within 
existing support levels. Productivity could be 
additionally enhanced by reducing indirect costs, reducing 
regulations that force indirect costs up, and improving 
research efficiency through longer-term awards. In this 
way, I believe that we can find a 2 percent real increase 
for basic research, 


4) Industrial support. Industry would commit 
itself to a 1 percent real increase of the total amounts 
for R & D now going to American universities, amounting 
to an annual increase of about $ 50 million in the 
Sum that industry is giving now. 


5) Graduate education. A cooperative partnership 
of government, industry, and universities would ensure 
continuing and adequate support of graduate education. 
The National Science: Foundation (NSF) and the mission 
agencies would support a coordinated program of national 
research fellowships and traineeships, NSP, itself, 
would support an overall program of Merits thatid's 
provide funds to the best people, regardless of their 
fields-much as it is doing now. Mission agencies would 
provide fellowships appropriate for their own function: 
for example, the Environmental Protection Agency in 
toxicology, the Department of Energy in combustion 
science and engineering, and the Departmat of Defense 
(DOD) in computer sciences and integrated circuits ; 
DOD has, in fact, already initiated such a program, 


Industrial companies Should be encouraged to 


establish named fellowship, perha i 
Ss PS in field 
their needs are greatest. If all of these finderonaih be 
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pooled in a central depository, with a sin 

; Single agency 
Perhaps making the selection, we could have, at relatively 
low cost for any one participant, a magnificent 
program to support graduate education. 


Finding the Funds 


How can the federal portion of this proposed 
compact, especially the proposed increase of 2 percent 
in real growth, be financed in an era of budgetary 
constraint? The government's basic research budget 
is $5.4 billion annually; the applied research budget 
is $ 7.2 billion; and the development budget is $ 2.6 
billion, of which $ 1.9 billion is in defense. These 
categories flow into one another, and one can assume 
that about $ 7 billion annually is invested in basic 
Ssclence and engineering. 


' In that huge $26 billion development budget, it 

1S surely possible to find each year $700 million that 

is not spent productively, and that by itself could 
provide the real growth of 3 or 4 percent above inflation 
vital to the compact. : ; 


To find those several hundred million dollars 
in the budget each year it will be necessary to make 
astute transfers on the basis of recurring evaluations 
of development projects and the institutions performing 
them, This means that the work of the national laboratories 
and universities, as well as sponsored research in 
industry, will require evaluation, as will developmental 
projects affecting many technological fields, such 
as energy, health, defense, agriculture, and 
environment. It will require cross agency transfer 
within the Executive Branch, and cabinet secretaries 
and agency heads will resist. Such evaluation, and 
the resulting reorganization and reallocation, is 
unprecedented. 


Risks and the Role of OSTP 


Aside from these "turf" difficulties, the 
suggested reformation of federal policy for funding 
basic science is freighted by risks. If one identifies 
weak, unproductive areas, one may, instead of budget 
transfer, see a budget cut. But against the risk 1s 
the rightness of what George Keyworth, the President's 
science advisor, has repeatedly said: that in this enor- 
mous R & D budget of some $40 billion a year, it is 
proper for the government to ask some fundamental ; 
questions. What is it appropriate for the Government 
to do in supporting basic research ? What is it 
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¢ 
appropriate for industry to do in the areas 0 
savaltneeut and demonstration ? Might a Upcilinst es 
the government's huge investment in deve! GoMee e 
better spent on basic science and technology : 


If, in fact, the science advisor can bring off a 
reallocation of R & D funds, shifting a very small =e 
portion from development to basic research, then I thi 
the scienfic and technological community-and, in time, 
the country-will be indebted to him. 


If it cannot be done-and that is a possibility, 
given the bureaucratic and political inertial forces 
countering a reprogramming-then some $700 million 
dollars of additional funds will be needed each year 
to provide the real growth to support the quest for 
fundamental knowledge that is vital to this country's 
future. For perspective, $700 million can support the 
Clinch River Breeder Reactor for 3 to 4 years or pay for 
two B-1 bombers. Choices need to be made. 


If it 18 done, it will be,done by.the Science 
advisor, and it will be done quietly, without fanfare, 
without public pronouncements of successes, with the 
noises of bureaucratic battle muted, and often without 
responses to public criticisms of perceived damages 
to the R & D budget. A new science policy will be formed 
incrementally, through incessant and often inter- 
minable budget meetings and, most important, around 
a table in the Roosevelt Room of the White House, where 
the case will have to be made for the criticality of 
science to the nation's future, 


It is difficult for the sci entific community-— 
understandably so, since it must rely on information 
that iS inevitably imperfect-—to see the gaps, 
particularly at budget. time, between public perceptions 
and the private reality of governmental decision- 
making. For example, in the fall of 1981, during a 
budgetary crisis when many thought that science was 
going to suffer a 12 percent across-the-board cut 
the science advisor counseled the Scientific communi ty 
that it was not going to be as bad as feared. And that 
1S, indeed, how it turned out. There has been real growth 
in many areas of basic research, Against the largest 


federal deficit in hist 
well treated, ory, Sclence was relatively 


Ihe task before the science advi 
. Sant S Lsor, as ine 
in the Suggested compact, 1S even more sietPoueictasagans 
vcohone in mitigating budget cuts in the Fiscal 
ear 1982 budget. His predecessors tried, with imperfect 
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results. But, to reiterate, if it can be done, then, 

in concert with the intensified pace of industrial R &D, 
the United States will be assured of a vigorous scientific 
and technological base, one that will position it for 
international competition not only in this decade but 

also in the third millen-nium. The two decades ahead 
will be quite different from the postwar decades and, 
ultimately, our decisions as a society must reflect the 
new times, Certainly, the reformation of science policy 
that I have suggested strikes at a pluralistic cornerstone 
of postwar science policy—the belief that the role of 
government was to assure not only excellence in science 
but also breadth in the institutions of science, in and 
out of government Such ubiquity of funding was possible 
in a time of gensral and real growth in federal 
expenditures. Now, given Severe and perhaps secular 
budgetary constraints, a greater degree of evaluation 

and selectivity may be needed if American science is 

to remain vibrant and if it is to produce the knowledge 
essential to technological and economic growth. 


I believe that priority support of U.S. sci ence 
and technology by government and industry is justified, 
Simply given the strong contribution that new knowledge 
and its application will make to the U.S. economy- 
industry, agriculture, health, employment, trade. 
American management appears to have recognized this, 
certainly in its increasing investments in long-term 
R&D. The governnent should complement that support 
with a healthy support of the science and technology 
base, and an economic and regulatory policy that fosters 
technological innovation and industrial development. 
And I believe that funds for the support of the basic 
sciences (including basic engineering) can be obtained 
from the development budget, particularly given that, 
because of the enormous differences in amounts spent, 

a 1 percent reduction in development support is 

equivalent to a2 5 to 10 percent increase in basic research. 
That leveraging effect is seconded by the fact that, 

in sieving development projects for their unproductive 
components, the quality of both development program 

and basic research will be enhanced, 


Finally, if the reordering of federal support for 
sciece proves elusive, then the government must simply 
commit itself to providing the resources needed to 
assure that the nation's premier sci mtific status 
prevails. We cannot finesse budget constraints by 
choosing to be excellent in one field and not another, 
Our goal must be broad scientific excellence, in the 
belief that the rewards will be a stronger nation with 
better lives for its citizens. 


(Science 218, 4567 (Oct 1,1982)- p.p- 28-30 ) 
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The End of Mankind: A Maeabre Thought 7 
by John L. Cloudsley-Thompson 


Whether the last animal on Earth arm insect 
r mite, nematode or tardigrade, 1S a moo . 

cepted it is, however, that mankind will long ak” 
ceased to disgrace our planet. As everyone knows, is 
current population explosion cannot continue idefinitely 
or even for more than a few decades at most. Something 
will inevitably intervene to check it. <At the present 
rate of increase, within less than 1,000 years a mass of 
people would be standing on each other's shoulders, more 
than a million deep. By 2,000 years, the mountain of 
humanity, travelling onwards at the seed of light, would 
have reached the edge of the known universe. 


No species can exist indefinitely in a changing 
world. AS the notorious Earl of Rochester once said, 
centuries ago, though in a rather different context: 
‘When it's Nature's law to change, constancy itself is 
Stranget At the same time, the factors that lead to a 
population crash are not the same as those which result 
in the extinction of a species. In Nature, animal 
populations are controlled by a combination of factors- 
food shortage, 'conditioning' of the environment so that 
it becomes unfavourable, biotic’ factors such as predators 
and parasites- and density effécts, including stress 
syndromes, 


If Man does not voluntarily control his population 
Size, numbers will crash in consequence of mass starva-— 
tion, a nuclear war followed by radioactive pollution of 
the environment, an epidemic of some viral disease, or 
the breakdown of society under conditions of gross 
overcrowding-the misery, tyranny, and VECO. et Ol uy 
Malthus. But, this would not mean an snd to Homo 
Sapiens-the survivors of any holocaust would reproduce, 
increase, and repopulate the Earth, The present 
Speculation is concerned with the extinction of Man as 


an animal, not with the disappearance of our present 
civilt¢ZatiTon, : 


. Because Man has the power of logical zr 
1S thus capable of controlling his aiginoument eee 
will be able continually to mitigate the adverse effects 
of environmental changes, Another ice-age would not 
present a serious threat. As it is highly probable that 
our species will disappear long before the end of lif “ 
on Barth, however, we shall need to look for a * 7 
par fa than whatever may be responsible for the = 
1na 1Sappear: living 
pee Pea he of living matter from the Surface 
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__, Man will not become extinct until he has lost the 
ability to reproduce and maintain himself; that is, until 
Social cooperation or intellect-or both-have been destroyed. 
As neither mass-Starvation, a pandemic of some highly 
lethal disease, or even a nuclear holocaust, is likely 
to eliminate everybody from the world, the logical 
conclusion seems to be that. Man will need to have lost 
his intellect before he becomes extinct. How might 
this occur? As I see it, only through the operation 
of some viral pathogen which attacked the brain-cells, 
thereby preventing the institution of countermeasures, 
without causing any sign of ill-health. (The proliferation 
of genetic mental defects would be far too slow to have 
any Significant effect on our species, as J.B.S. 

Haldane and others have pointed out.) 


If human mental ability were curtailed to the level 
of intelligence found in other animals, however, Man 
would again become subject to the natural forces from 
which he escaped through the exercise of his brain- 
power for the evolution of his civilization. His subhuman 
but still big-headed descendants would then be vulner- 
able, in the manner of any other species of animal, 
to any deleterious environmental changes that occured 
faster than evolutionary adaptation could take place to 
counter them. Thus, just as H. G. Wells foresaw the 
destruction of invaders from outer space by infection 
from the tiniest terrestrial organisms, to which they 
had to immunity, .so too might Man eventually be 
defeated by viral DNA molecul:s that insidiously des- 
troyed his mental capability to devise methods of 
combating them. 


(Environmental Conservation, 9_,2 (Summer 1982) p. 140) 
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Health Aspects of Urban Planning and Environmenta 
Conservation 


by T. Takano & Motofumi Masaki 


Special attention should be paid to the asia oe 
of urban planning from the viewpoint of environmen " ve 
Servation as well as from the purely medical point of view. 


Although health cannot be defined in ae terms, 
we rove of the WHO definition expressing. al, 
meet and social, well-being. We also feel that health is 
not a fixed condition but a dynamic potentiality, which is 
largely dependent upon the physical, chemical, biological, 
Socio=economic, and cultural, environments, The following 
Subjects merit special consideration from the viewpoint of 
health in urban planning: 


1. The necessity of further studies into the effects of 
the environment of human health and resistance to 
disease, 

2e The need to find useful and appropriate indicators 
for both positive and negative health of individuals, 
families, and populations, 

3e The Safeguarding of water Supplies and proper 
disposal of excreta, 

4. The assuring of stable and sufficient supplies of 
a rich variety of fresh, inexpensive foods, free 
from biological chemical Contamination, 

5e The preservation of quality of air, water, and soil 
and the control of noise, vibration, heat, and 
radiation, pollutions, 

6. The planning of efficient health-service and 

medical-delivery systems, 

le The development of the quality of life? Concept and 
the establishment of new environmental criteria in 


an effort to encourage the adoption of healthy 
life-styles, 


With regard to the last Subject, we do not feel that high 
energy Consumption means a high Quality of 


quality of life. The 


natural environment, would be able ¢ i s 
by conscious efforts j | € to Taise their health level, 


Gorgeous hospitals are no Compens: toad ; 
of the city is indispensable for health, “© Planning 


(Environmental Conservation, 2» 2 (Summer 1982) p 130) 
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Rapid environmental and Climatic changes 


by D.Q. Bowen 


: The successful charactcrization and ovaluation of past 
rapid Changes in the environment and climate depend largely 
on the integrity and sensitivity of dating methods. All too 
often imprecision in the climatic record stoms from dating 
uncertainties, with bioturbation and a variety of lag effects 
providing additional problems. Given these constraints, it 
is little wonder that much of a recent meeting on the chara- 
cter and timing of rapid environmental and climatic changes 
was devoted to the comparatively well-dated Holocene record 
and, to a lesser extent, to that of the later part of the 
last glaciation. Small-scale systems of generally short 
duration, but for which detailed data were available, received 
far more attention than the larger systems with somewhat 
coarser data available over longer time scales. 


At the larger end of the scale it is difficult to identify 
specific climatic causes for changes in climate (R.V.Barry, 
University of Colorado, Boulder). Among the many uncertain- 
ties are whether fluctuations on the 100-1,000 year scale 
are due to longitudinal and/or latitudinal changes in 
circulations whether particular regimes persist for long 
periods and what the circulation variability of different 
regimes is. It is not even possible to ascribe the quasi- 
persistent types of circulation regime to external or internal 
forcings, to atmospheric auto-variation or to internal feed- 
back mechanisms between land, ocean and atmosphere. Barry 
stressed, however, that the intensity and timing of climatic 
change will show considerable geographical variation: step- 
like in some areas but more gradual in.others. 


R. Bryson (University of Wisconsin, Madison) further 
stressed that in regarding climatic change as essentially 
nonlinear, a major break with tradition had now occurred 3 
while J. Mitchell (Environmental Data Service, Silver Spring, 
Maryland) emphasized the role of the oceans as a global 
Climatic fly-wheel which limits change more strictly over 
shorter than over longer periods. Deep water formation in 
the North Atlantic may also play an important part in speed- 
ing glacial events; sea-level changes can lead to pertur= 
bations in oceanic thermocline circulation processes which 
may enhance oceanic heat transportation to higher latitudes 
during periods of glacial growth (C.Rooth, University of Miami) 


Global data show considerable glacial fluctuations during 
the last glaciation, mostly reflecting local or anomalous 
conditions (S.Porter, University of Washington, Seattle) and 
the glacier response to rapid climatic change is best assessed 
from Holocene examples where lead and lag effects can be 
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‘yr 
partially quantified. Sea-level data for the geritisipnari ae 
(T. Gronin, US Geological Survey, Reston) apes lacial 
pressing problems still extant: waere was the a ae 
maximum sea level? Where was sea level during the ibility 
Wisconsin? How rapid were sea-level changes? The  AGIaaA 
of a high sea-level event between 130 and 140 kyr af 
much attention but was strongly questioned by W.Rud cK ia 
(National Science Foundation) on the basis of the oxygen- 
record, 


The most sensitive indications of climatic change are 

5 in i sheets followed by 
provided by the oxygen=-18 record in ice : 
Sea=-surface temperatures (H.Wright, University of apes es 
Minneapolis). Most pollen records are beset by persistent 
difficulties in interpretation due to their proxinity to ice 
Sheets. Sensitivity and response times might thus be better 
detected at very low latitudes or in the Southern Hemisphere, 
free from such influences, Furthermore the climatic signal 
from pollen data fails to provide a clear record of climatic 
Change of short duration even when its amplitude is large 
(M. Davis, University of Minnesota): for example, the ‘Little 
Ice Age' is only recorded clearly by pollen at a few sites, 
despite the considerable impact on human culture. Except in 
a few cases it is difficult to infer fron pollen data whether 
Climatic change is stepwise or gradual and unidirectional 
(W. Watts, Trinity College Dublin). Relation=ships between 
Climatic change and the pollen record are only indirect 
because plant populations generally become established long 
after causal climatic events. There is thus an urgent need 
to identify sensitive ecotonal areas at the margins of plant 
ranges where pollen data and climate can be linked directly. 
Most rapid of all may be the response of lake sediments to 
Climatic change (R. Anderson, University of New Mexico, 
Albuquerque). Seasonal Control is dominant and gives a clear 
Signature, while cumlative Changes in seasonal Components 
demonstrate rapid climatic Changee It should be possible to 
design transfer functions expressing linkages between Climate 


and sedimentation, with -eventual application to non-varied 
Sediments. : 


In summing up the proceedings, J, Mitchell predicted 
that climate will Change over a transitional period of the 
next 200 years because of an increased carbon dioxide 
content in the atmosphere, then settle into @ 1,000 year 
equilibrium state, The rapidity of this transition could 
be comparable to that at the Younger Dryasto Holocene 
change some 10,000 years AZO 


(Nature, 299, 5880 (September, 16-22, 1982) Pe206 


CO, -Climate Models Defended 


by Richard A, Kerr 


4 National Research Council panel has concluded that 
the best estimate of the long-term, global warmin: due to a 
doubling of atmospheric carbon dioxide is still 3%+ 1.5°C, 
despite recent claims that global climate models of the 
greenhouse effect have exaggerated the warming. The panel 
enters the fray on the side of the overwhelming majority of 
Specialists in the field, but the dissenters are not likely 
to withdraw soon. 


The center of the controversy is the work of Sherwood 
Idso, a physicist at the U.S. Water Conservation Laboratory 
in Phoenix. In 1980, Idso(1)calculated the warming due to a 
doubling of carbon dioxide to be 0.26°C, about one-tenth of 
that produced by most mathematical models of the climate 
System. Rather than constructing a mathematical model whose 
workings would mimic the physical world, Idso based his 
calculations on measurements of the temperature effects of 
naturally induced changes in radiation. Carbon dioxide 
affects temperature by altering radiation fluxes, but no 
Carbon dioxide-induced temperature change is detectable yet. 
So Idso determined the relation between temperature changes 
and changes in radiation induced by carbon dioxide surrogates- 
in two cases dust or water vapor over Phoenix, and in a third 
case the seasonal changes in incident radiation over the 
United States. 


Idso claims that a given change in radiation at the 
ground produced the same change in temperature in each Case, 
with the exception of the seasonal changes along the Pacific 
Coaste This being so, he reasons, the response over Phoenix 
and the inland United States can be taken as that of all of 
the continents, and the response of the U.S. Pacific Coast 
is equivalent to the maximum response of the world ocean. In 
support of his calculations, Idso cites an equally small 
Carbon dioxide response by tropical ocean temperatures ina 
model by Reginald Newell of the Massachusetts Institute of 
Technology and T.G. Dopplick of Scott Air Force Base, Tllinois(2). 


In public at least, climate model specialists have, with- 
out exception, criticized these conclusions. Attempting to 
verify numerical models by comparison with observations is 
commendable, the panel and other critics emphasize, but 
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observations from a single site, a single country, or a : 
part of the ocean cannot suffice to verify what is a rege 
process. A major failing, they say, is the omission ? e 
ocean requires 6 to 8 years to respond significantly Pi 
change in radiation. A part of that response is to sen 
more water vapor into the atmosphere, which traps even more 
radiant energy, just as carbon dioxide does. Without this 
and other feedback mechanisms to amplify the carbon dioxide 
warming, an apparently small response is inevitable, critics 
Saye Researchers make similar complaints about Newell and 
Dopplick's model, pointing out that the allowed increase in 
humidity is unrealistically small. 


Critics point out that their sophisticated, global 
climate models can produce a similarly small effect, given 
unrealistic conditions for a global Sstudye In independent 
model experiments, Stephen Schneider of the National Center 
for Atmospheric Research (NCAR) and James Hansen of the 
Goddard Institute for Space Studies limited their models 
geographically and temporally in order to duplicate Idso's 
observations. Their models! responses were Comparable to that 
Calculated by Idso. V. Ramanathan of NCAR has in the same 
manner duplicated the results of Newell and Dopplick for the 
tropical ocean. Climate researchers believe that their 
evidence against these Challenges is undeniable. The 
dissenting minority, as small as it is, has yet to concede, 


(Science, 217, 4560 (August 13, 1982) p. 620) 
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Lithospheric thinning associated with rifting in East Africa 
by Richard F. Wendeandt & Paul Morgan 


(Summary) 


& fundamental mechanism of some continental rifting 
processes appears to be the transmission of thermal energy 
into the lithosphere by asthenospheric upwelling (the 
‘active' mechanism of Sengor and Burke ), for which the 
Kast African rift system is a classic example, The abun- 
dance and variety of magma types of predominantly alkaline 
affinities in the East Rift which derive from the thermal 
perturbation suggest that studies of igneous petrogenesis 
may offer a method of investigating the physical as well as 
the chemical conditions of the upwelling. Systematic 
variations in the temporal-spatial-compositional relations 
of igneous rocks associated with rifts are becoming well 
documented for several different rifts » and it is 
generally observed that the degree of silica-saturation of 
lavas within these rifts increases with time, while incompat- 
ible element contents decrease. Furthermore, at any given 
instant, lavas erupted within the rifts are less silica- 
undersaturated than lavas erupted outside the rift. These 
observations are consistent with decreasing depths of origin 


of magmas with time as would be predicted for magmas with 
time as would be predicted for magmagenesis associated with 
an upwelling source region. Here, by deducing the physical 
conditions of origin of various magmatic products associated 
with a thermotectonic event in East Africa, the rate of 
upwelling is calculated and compared with the results of a 
simple thermal model of lithospheric thinning. 


(Nature, 298, 5876 (Aug. 19, 1982) pp 734-36) 
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Air pollution in the Arctic 


by B. Ottar 


t and 

An extensive study of pollutant transpor 
deposition in the Arctic has recently been ih caclac eie 2 
Norwegian Institute for Air Research wi th ye UP 
British Petroleum Ltd. Not only 18 the Arctic Sei 
important region climatologically, but the incre ‘ 
interest in the exploitation of Arctic oil ina 
makes it important to obtain baseline pollutant me 

ments aS soon as possible. 


Transport of Air pollutants into the Arctic has J 
received ied attention recently, and it seems that the 
Arctic haze north of Barrow, first reported in 1956, is 
due to large-scale transport of polluted air masses. eee 
Aerosol samples from the Arctic show that the concentration 
of trace elements associated with fossil fuel combustion 
reach a pronounced maximum in February-March (K.A. Rahn & 
ReJwM. Caffrey Proc. WMO Symp. on Long-Range Transport 
of Pollutants, Sofia, 25, WMO no.538; 1979). During 
Summer, aerosol concentrations are very low (H. Lannefors, 
J. Herntzenberg & H.C. Hansson Tellus 34A, no.1; in the 
press), This extreme variation is explained by the for- 
mation of a cold highpressure centre over northern 
USSR and Siberia in winter, which forces the Atlantic 
westerlies northwards into the Barents Sea. This enhances 
the south to north advection associated with the low 
pressures in the Atlantic and the Norwegian Sea, In 
addition, pollutant transformation and deposition rates 
are very low in the cold and dark winter season, 

Polluted air masses from Europe and the USSR are transferred 
into the polar basin and across the North Pole towards 
northern Alaska and Canada. In Summer, the circulation 
becomes more circumpolar, and dry deposition and 
precipitation prevent anthropogenic aerosols from 
reaching the high Arctic, 


The new study includes an expansion of the present 
Norwegian measurement programme. Four ground stations 
in the high arctic (Bear Island, Hopen, Spitsbergen, 
Jan Mayen) and two stations along the Norwegian coast will 
operate over a three year period, starting summer 1982 
together with two inland Stations. At all Stations 
Sulphur dioxide, sulphate aerosol and precipitation will 
be ne reat throughout the year. More extensive 
suppicmentary measurements including high-v ing 
and chemical analysis of aerosols met pgabocatucde eam 
will be made during a few 1-2 mohth periods each year 
In the same periods, intensive aerosol measurements will 
be carried out by aircraft and the vertical and horizontal 
extent of the polluted air masses mapped. Soil Samples 
as well as biological Samples will be collected to : 


hie 
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evaluate the deposition and accumulation of trace elements 
and organic components. In particular, the accumulation 
of chlorinated hydrocarbons, whose presence in the 

Arctic air has been demonstrated, will be examined in 

fish from isolated lakes, 


Turbulent dispersion over ocean surfaces will 
also be studied in order to provide a bettor basis for 
calculation of hazard zones in connection with blow- 
outs and other accidents. Such studies and the 
background air pollution inventory will help the 
Norwegian Government evaluate possible damage from 
Arctic oil activities. 


( Nature, 298 5874 (Aug. 5-11, 1982) p.518) 
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Envirenmental stresses upset sex in plants 


Reproduction:in.plants may seem a Strela 
business compared with the uncertainties meee as. 72 
courtship and mating of animals. Eut as Hugh i ee 
Reading University pointed out at last week's ety 
of the British Association, sex in plants is a r Bp 
and complex process that can be interrupted at ee 
every Stage-if conditions are less than favourab eC. a 
However, botanists now know enough about it to interve 
at critical points, with results. that are useful for 
plant breeders. 5% 


tive 
Flowering plants produce both male and, female reproduc 
cell s—the Tian axid Me ege cells.The plant releases pollen 
(the antners) which then has to be transported to the 
receptive part of the female structure (the stigma) on the 
Same or another plant. The pollen grains then put 

down long tubes that eventually reach the vovary, 

carrying spores to the egg cellse These 2k 

cells then develop into embryos capable of growing 

into a whole new plant. But if the plant becomes too 

cold, hot, wet or Orie Ol 1 ote eS undernourished, 

One or more stages can be delayed or even fail altogether, 


Under normal conditions, circumstances rarely conspire 
to make things as difficult for the plant as it might 
seem. But armed with an understanding of the stresses 
that do affect a plant's efforts to reproduce, plant 
breeders can manipulate environmental factors to 
alter the process, The result may not be quite what 
the plant intended, but it may have uses for mankind, 

For example, sometimes an embryo forms within a pollen 
grain, as a result of high temperatures or an imbalance 
of hormones among other things, and normally such an 
embryo never develops. But if itis removed and carefully 


to develop if cultured under the right conditions, Such 
haploids and hybrids are immensely valuable to plant 
breeders in their search for new and useful warieties 

of plants. So an understanding of a Plant's minutest 
needs has meant more than the ability to provide the 
best conditions for their normal development, 


( New Scientist, 22, (192 (Sep.16, 1982) p.765 
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Alternative Energy Futures : The Case for Electricity 


by Umberto Colombo 
(Extracts) 


; The energy trends of the past and their likely evolu- 
tion in the next 50 years have been analyzed in the light of 
technological progress. It is concluded that society will 
tend to become less centralized than in the past and that 
it is possible to have future per capita values of energy 
consumption at the world level similar to those at present, 
with a substantial redistribution to allow for economic 
growth of the less developed countries. A condition for this 
is increasing penetration of electricity. The rationale for 
the suggested scenario is described,:and prospects for electri- 
city for both the industrialized and developing countries are 
discussed. 


Recently, several industrialized countries have experi- 
enced reduced rates of growth in electricity demand as a conse= 
quence of economic recession. In some cases this has resulted 
in excess generating capacity, even in countries where there 
is little need to replace oil-fired plants. Additions to 
Capacity during the second half of the 1970's reflected the 
optimistic anticipation of electricity growth of the late 
1960's or early 1970's. 


In other countries, public opinion and pressures from 
environmental groups have held back the development of large 
electric systems based on nuclear power and, to some extent, 
those based on coal. Increasing lead times for development 
of these large systems have contributed to escalation of 
costs at a time when the size and distribution of electricity 
loads required increasing contributions from reliable, 
inexpensive base load power, 


From a strategic point of view, both coal and nuclear 
power are essential for the transition to future energy 
systems and in the medium term, their exploitation mst 
rely largely on conversion into electricity. The problems 
that have arisen produce a very uncertain climate for 
electric power development in both countries with excess 
capacity and those without it. In the face of these problems 
utilities have become increasingly indecisive, while the 
situation calls for immediate action. 


In planning for the future we mst remember that there 
are two fundamental objectives: achieving the maximum in 
energy conservation through rational use of energy, and 
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providing the electricity supply. In pursuing the latter 
objective, utilities in many countries will have to cope 

with an enduring situation of short-ages in capital markets 
and high interest rates, It is essential that governments 

and policy-makers Closely consider the risks involved. It 

is their prinary role to ensure that conditions are re= 
established in their countries to facilitate the proper 
functioning of the market in relation to utilities, industries, 
and financial institutions as they move to satisfy the growing 
demand for electricity, which is an essential ingredient for 
the wealth and progress of the economy and of society. 


(Science, 217, 4561 (dug.20, 1981) Pp 705-709) 
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Biomass Refining 
by Henry R. Bungay 


(Summary) 


Processes for refining biomass from trees or from 
agricultural residues are fast approaching commercialization. 
Advances have been made in acidic and enzymatic hydrolysis 
of the ccllulose component of biomass and in some newer 
processes for biomass refining which leave the lignin fraction 
relatively intact. Rather than low-priced fuels, which have 
received the most publicity, initial targets will be products 
with more profit potential, such as chemicals and molasses. 
Curtailment of government support for alcohol fuel programs 
is not crucial, because private investment is taking biomass 
refining from the pilot plant to the demonstration scale. 


(Science, 218, 4573 (Nov. 12, 1982)pp. 643-52) 
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Research teams:clhim hydrogen breakthrough 


by Jonn Hall, 


chers at Texas A and M University say they 
have J aipeile the basic technology to ne eeu 
from water, using solar power, to make a sare: gaged * 
fuel. The fuel, they say, could be cheaper than petr ‘5 
or considerably more expensive. But they were sufficiently 
excited about. their findings. last week to bypass the 
usual academic channels in order ‘to deliver their news 
at a hastily-called press conference. 


What seems to be significant is that two young 
Scientists at A andM have separately refined the 
functions of photoanodes and photocathodes, which split 
up water electromechanically. The two refinements 
‘ together offer the possibility of converting Solar 
energy into hydrogen energy at an efficiency of about 
10 per cent. Previous processes have had an efficiency 
of less than 1 per cent, 


Past research has shown that efficiencies can be 
higher -at a cost. Dr. Adam Heller, working for the 
Bell Telephone company, has reported a process that 
generates hydrogen with an esifticiency of 14. per Gent. 
But Heller made his electrodes out of rare and 
expensive indium phosphide; the Texans worked their 
trick with silicon components, which are cheaper and 
readily available, 


efi et breakthrough came on 3 July. Dr. Marek 
SZlarczyk, 31, less than one year away from Warsaw 
University, hit ona technique for recovering hydrogen 
from the cathodic end of the operation at a conversion 
efficiency of 12 per cent. His method was to coat a 
Silicon electrode with a layer of platinum 5 angstroms 
thick. Thicker layers of platinum had held up progress 
until that point, Slarczyk claimed, 


Working in the same laboratory, LES here Wee & Contractor, 
os recently recruited from Carlton University in Canada, 
made a substantial advance in the operation of the 
photoanode, Here, the problem was to cope with the 
"pass ivisation" of the electrode-its loss of function 
when and insulating layer of Surface oxide builds UD. 


With a nic line in lateral thinkin Contrs 
Switched from attempts to prevent the corhatcan ee oie 
dioxide, and concentrated on making the surface layer 
a conductor, He succeeded during the last week in 
August, again by treating the anode with platinum, 
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The head of hydrogen research at A andM is Dr, 
John Bockris, an amiatle. ex-Brition with degrees from 
Brighton Technical College and Imperial College, London. 
Bockris saw in the conjunction of his proteges' 
cleverness the means of achieving his long-standing 
ambitionto discover a process to extract hydrogen as 
commercial fuel. 


Bockris talks of $300 kits to convert cars from 
petrol to hydrogen burners, and of desert collecting 
sites converting solar energy to hydrogen energy at 
construction costs of $3000 per kilowatt of output 
(nuclear plants are rather cheaper to build). 


According to Bockris's calculations, an area of 
Solar arrays 370 km square, preferably made up of 
Smaller units, could supply the entire needs of the US. 
But he is non-committal about the university's claim 
that the work could lead to hydrogen fuel costing $1 
for an amount delivering energy equivalent to one 
gallon (3.8 litres) of petrol, which now costs $1.30 
at the pumps, 


Instead, Bockris foresees two years of further 
fundamental research, and three of chemical engineering, 
before hydrogen becomes a commercial prospect. But 
he believes that the new technology opens the avenue 
for the first time. ; 


One big problem remains: where do you find the 
vast quantities of water that commercial hydrogen 
production requires in the desert that would be the 
best site for a plant ? If sea water could be split 
without the accompanying decomposition of chlorine, 
a desert surrounded by sea would be ideal.Somewhere 
like Saudi Arabia, perhaps... | 


( New Scientist, 96 1327 (Oct.14, 1982) p.94) 


STILL MORE ABOUT GENE TRANSFER 
New genes can be introduced into the gern lines of 
nice, but expression of the transferred genes in 
the nice and their progeny is harder to achieves 


by Jean L. Marx 


«ee"What has come as a surprise to many is how easy it 
is to incorporate foreign genetic material into the genone 
of a nannal", said Beatrice Mintz at a recent workshop es 
the Expression of Cloned Genes in Development. The renark 
signals the rapid prozress being made in producing for ¥ 
developmental studies new strains of nice that carry foreign 
genes in their gern lines. 


The past year or two have seen the first results of 
experinents in which cloned genes were injected into 
fertilized mouse eggs, which were then implanted in foster 
mothers and allowed to develop (Science, 28 August 1981, 
pe 996). Although some of the mice that developed carried 
the foreign DNA, the big question was whether the DNA 
would be stably integrated into the recipient's genome and 
transnitted to future generations. If it was - and if the 
genes were functional = developmental biologists could 
Study how a specific gene is turned on and off in various 
tissues as they differentiate, 


That germ line transmission of injected genes can be 
achieved, was made clear by workshop presentations by Mintz, 
whose laboratory is at the Institute for Cancer Research, 

Fox Chase Cancer Center, Philadelphia; Frank Costantini of 
the Collese of Physiefqis and Surgeons of Columbia University: 
and Ralph Brinster of the School of Veterinary Medicine, 
University of Pennsylvania. The past year's experience 

Showed that 20 to 30 percent of the mice that develop fron 
injected eggs may carry the foreign DNA in their genome and 
transnit it to their offspring. 


In one series of experinents Mintz, with Timothy 
Stewart and Erwin Wagner, injected eggs with a cloned DNA 
molecule containing both the hunan (2 globin gene and a 
viral gene coding for the enzyme thymidine kinase (tk 
Two of the 62 aninals that eventually develo 
foreign DNA sequences, One Carried 
fB-globin gene and transnitted the Segnents to about 50 
percent of its offspring ~ the expected result for a gene 
Carried on just one menber of @ homologous chromosone 


j ; ° ir, 
The other aninal carried intact hunan and viral Sones “Ae 
did not transmit then to any Progeny, possibly because it 
waS a moSaic that had the Genes in some cells but not j 
others, including the germ cells, 9 not in 


gene), 
ped carried 
part of the human 
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More recently, the Fox Chase workers injected mouse 
eggs with the human growth hormone (hGH) gene. Six of the 
20 <1rimals produced acquired intact hGH sequences, the 
number and arrangement of transferred Sequences varying from 
animal to animal. The results suggested that the foreign 
DNA had been integrated into the recipients' genomes, Mintz 
Says, “Five of the six aninals transmitted their own cha- 
racteristic gene patterns to their progenye Again, about 
50 percent of the offspring had the foreign DNA Sequences, 
as expected, The sixth animal seems to have been a mosaic", 


Costantini, who described work performed with Elizabeth 

Lacy in Christopher Graham's laboratory at the University 
of Oxford, reported that 9 of the 24 mice that developed 
from eggs injected with the rabbit /3 -globin gene carried 
the foreign sequences, One animal had no progeny, but the 
other eight transmitted the rabbit sequences to about 50 
percent of their progeny. Costantini says, "We conclude 
that we can derive long-term strains of mice carrying the 
gene in different chromosomal locations". 


In another series of experiments, Costantini and Lacy 
used a hybrid gene, consisting of control and structural 
Sequences from the 5' end of the mouse [2 -globin gene segment . 
Only 35 of 35 mice that developed from eggs injected with the 
hybrid gene carried foreign DNA. "This is lower than in the 
first experiment} Costantini remarks, "But still a frequency 
you can live with". 


Finally, Brinster, who collaborates with Richard Palniter 
of the University of Washington, also uses a hybrid gene, 
this one consisting of the .5' control sequences from a mouse 
gene coding for the protein netallothionein and the viral 
tk gene. Brinster and Palmiter find that 20 to 30 percent 
of the mice that develop from injected eggs carry the tk 
gene sequences and transmit them to their progeny. 


At least in experienced hands, then, introduction of 
‘foreign genetic material into the’ mouse germ line no longer 
Seems to present a problem, But a big question still remains, 
Will the foreign genes be expressed in these new mouse ~ 
strains? And here the results have been mixed. 


Brinster and Palmiter find that about half of the 
aninals carrying the hybrid gene actually produce the viral 
enzyme. "Most of the time I expect to have mice that con- 
tain the gene and express the gene", Brinster remarks. 


Usually the production of the enzyme is very low, 
even undetectable, unless the animals are first treated 
with sublethal doses of cadmium or nontoxic levels of 
zinc. These metals normally induce metallothionein “control 
sequences, responds in a Similar fashion. Moreover,. the 
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i ifferent tissues resembles that o 
ma tet eaten oe induced pupa alee ec 
in mies and kidney and low in brain. tie ba ape Te an 
may be more efficient than brain in permit aoe aR i eern 
heavy metal to the cell interior, the nat mee Pee 
city of the response may be more reflective 0 a a 
Characteristics than of the gene's. Brinster sens ; 
though the pattern of expression is what vb ae ieee 
of metallothionein, we can't really say yet a 
ssed in a tissue-specific way", 


Some puzzles remain about the expression Y in aa 
netallothionein tk gene in mice. For one, the ark ae 
its expression is not proportional to the number fo) 2 Pp 
per cell, Like the other investigators, Brinster an Loe 
Palmiter often find multiple copies of the Peake eee 4 
per cell. Usually these copies are arranged in a head=to- 
tail tandem array. But tissues from animals that have many 
Copies per cell do not necessarily make more enzyne than 
tissues from animals that have only a few copies per cell, 
and may make less, 


For another, the ability to make the viral tk enzyme 
may not be stably inherited, Offspring Carrying the gene 
Sequences may express the enzyme to a greater, lesser, or 
‘the same degree as their parents, If the parent was a 
mosaic, with the foreign gene in only some of its Cells, 
the level of expression of the gene might appear higher in 
the tissues of its progeny, who would carry the gene in 
all their cells, Both Mintz and Cosatantini and Lacy also 
found evidence for mosaicisn in animals produced by ege 
injection experiments, The loss of expression is more 
difficult to explain, however, 


foreign 
gene, But prelininary efforts to detect expression of 
transferred henoglobin genes have proved less Successful, 


Mintz, Stewart, and Wagner did not find the hu 


Gene Sequences to be transcribed in mice 
then, ‘ 


man [3-globin 
that had acquired 


Costantini and Lacy detected + 
[3 -globin Gene in mscle tissue from two mice and possibly 

in testis fron another. But all other tissues, ine luding 
those of the hematopoietic System, which normally make 
hemoglobin, gave negative results, Nor did they fina evidence 


oO 
of transcription of the hybrid Sen€y, even though it Carried 
mouse Sequences thou 


Transcripts of the rabbit 


qué Ght to be involved in initiating cene 
transcription, "The tentative Conclusion", Costantini Says 
1s that this gene isn't working / 


gene", any better than the rabbit 
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The gene works in cultured mouse cells, however. Tom 
Maniatis of Harvard University, who supplied Costantini and 
Lacy with the hybrid gene, reported at the meeting on work 
done in collaboration with Richard Axel of the College of 
Physicians and Surgeons of Columbia University. They trans- 
ferred the gene into cultured mouse erythroleukenia cells, 
where the gene was transcribed, The transcription could be 
increased by treating the cells with dimethyl sulfoxide, as 
is that of the endogenous mouse gene, although the level of 
transcription of the transferred gene is mch lower, “Theze 
Seems little doubt that the cell-specific induction of the 
Globin gene can be achieved and studied", Maniatis concluded, 


Several theories, which are not mutually exclusive, 
have been put forth to explain the difficulties in obtaining 
expression of genes transferred into mice, Methylation of 
the foreign sequences might occur during early embryonic 
life and prevent their expression. Detlev Jahner from 
Rudolf Jaenisch's laboratory at the Heinrich-Pette Institut 
of the University of Hamburg, Germany, presented results 
showing that methylation prevents the expression of viral 
DNA that is incorported into the genomes of mice early in 
development. 


The position of the integrated foreign gene Sequences 
is another factor that may influence their transcription. 
Generally, the transferred DNA integrates randomly through- 
out the genome, rather than in the normal location for the 
particular gene. Transferred genes may be missing remote 
control sites needed for the normal initiation of their 
transcription. 


Control of genes such as the globin gene may be compli- 
cated and easily disrupted. Brinster notes, "The globin 
gene is one of the more fastidious genes. It is cell-specific, 
expressed only in certain cells at certain times." Still, 
the gene transfer work is moving rapidly ahead, and reliable 
expression seems to be an advance that will come with time. 


(Science, 218, 4571 (October 29, 1982) pp 459-60) 
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Genetic engineers crack the secrets of the 1mmun 
Sy st em 


Aunion between scientists expert in pamper 
technijues and immunologists has succeeded in apnea ci 
an elaborate package of experiments which coukd s a orien 
light on the determinantsof the body's response to : 
invasion. The protocol holds out promise for accurate 
intervention-in the fight against disease, even cancer, 
and is exciting in its application to the problems of 
transplant rejection (Nature, vol 298, p 529). 


‘The predominantly British team, working on mouse 
genes ‘coding for the major histocompatibility complex 
(MHC-a group of molecules sitting on cell surfaces ‘and 
important in cell-cell interactions, the fight against 
disease and transplant rejection) isolated a single 
molecule, mapped its gene on the mouse's genome, and proved 
that the mere existence of this molecule on a cell 
surface was sufficent to make the cell a sitting target 
for the action of a specific attacker, 


In the group of experiments the scientists used cosmids 
containing "bits" of DNA known to include genes coding 
for-ceil-surface antigens. Cosmids are hybrids of phages 
(viruses tha infect bacteria) and plasmids (loops of 
bacterial DNA). They combine the best features of each 
in picking up pieces of foreign DNA and inserting them 
into cells, The researchers used then to transform a 
mouse cell line. When they came to screen the transformed 
cells, instead of using DNA probes to complement the 
desired genes, they looked for the molecule the inserted 
gene expressed-a process that is more efficient and only 
recently developed. The molecule they located was 
indistingui shable from a known cell-surface antigen in mice 
(call ed H-2K~) and was mapped back to the B gene of the 
mouse's MHC region, And the mere presence of this 
molecule on the cell surface made it a target for a 
Specific immune response, 


The implication is that any cell surface antigen could 
be isolated and characterised using the immunological and 
recombinant-DNA techniques outlined here. They could 
introduce a new and powerful weapon in the fight against 
disease, Take the following hypothetical case. It has 
recently been discovered that many cancerous cells have 
a Specific maker protein (antigen) on their surfaces 
( New Scientist, vol 93> 51D A52), Ff thie marker is not 
identified aS foreign then the body will fail to attack 
and kill the cancerous cells, treating then as "self" rather 


then "non-self",. But can the body be ' 
ea persuaded ot ° 
The techniques described above suggest it can, Bcast >! 
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If the marker is identified and its gene isolated, 
then the gene could be slightly altered to produce a 
Slightly altered marker. If this changed marker is intro- 
duced into the body, maybe it could produce an immune response 
where the original and very similar cancer antigen did 
not. Antibodies specifically against one type of antigen 
may have a similarly destructive effect on a slightly 


different antigen-in this case the one represented by the 
cancer cell. 


Some of the future applications envisaged for this 
technique include enhancing the body's immune response 
to fight against cancer and even fooling the body of a 
transplant patient that the incoming organ is "self" rather 
than "other", thereby avoiding the problems of rejection. 


(New Scientist, 95, 1332 ( Sept. 9,1982) p.688) 


In vitro nutagenesis 


by Tin Harris 


Cloning techniques are now allowing the raid sitet a 
direct structural analysis of a large number ge ake ae t 
and eukaryotic genes and their regulatory HOSP y Ue eee ie 
recourse to classical genetic techniques. The ability : 
introduce changes into these cloned DNAs at dabei apes 11 
Sites and to assess the effect of these changes Holey. 
(sometimes described as 'genetics in reverse! ) oF Pas eet 
becoming a routine part of gene manipulation technology. 
‘This was demonstrated quite clearly at a recent Cold Spring 
Harbor symposium entitled 'In Vitro Mutagenesis’. 


_In theory, the present techniques allow deletions,inser~ 
tions or point mutations to be introduced at almost any 
location in a cloned DNA molecule -, In practice, the type 

of mutation introduced depends largely on what is already 
known about the DNA and what biological questions are being 
asked, Several groups, for example, have analysed the ee 
moter regions of cloned eukaryotic genes by the ae 
deletion of sequences upstream of the coding region, using 
exonuelease III and mclease S, or the double strand-specific 
nuclease Bal=31., The effect a: the deletion on the level of 


transcription of the gene Can then be measured either in 
vitro or in vivo, 


One disadvantage of exonucleases Commonly used to generate 
deletions is that they act at both ends of a linear DNA mole 
cule Simultaneously. Unidirectionality can be achieved, how-= 
ever, by incorporating an -thio deoxynucleotide at the 3’ end 
of one strand to prevent the action of exonuclease IlI(ref.2) 
The functional domains of the alanyl-tRNA Synthetase gene are 
being examined in this way by deletion of 3! portions of .the 
Coding sequence without affecting the 5' end of the gene e 


remaining single-= 
stranded DNA by bisulphite treatment « Bisulphite Specifi- 


Cally deaminates cytosine to uracil in Single stranded 


nucleic acids 9 resulting in a transition mutation during 


repair, Obviously, restriction sites are not always Convenient- 
ly placed for 8ap or deletion mutagenesis, This linitation has 


been overcome to sone extent by utilizing the fact that in the 
in, small Single- 
a& complementary Sequence 


molecule forming a D-loop, 
then available for 
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Mutagenesis using nuclease S. and bisulphite . In this way a 
number of point mtations can be introduced into a target 
are. defined by the size of the DNA used to form the D-loope 
The ease of cloning DNA in Single=stranded phage cloning 
vectors (such as M13) has extended the versatility of this 
approach; the formation of specific heteroduplexes allows the 
Gisplacement and mtagenesis of defined regions of DNA anda 
the efficient recovery of the putants by transfection.. 
itutations have been introduced into the early pronoters of 
both SV40 and adenovirus by this technique and this kind 

ef segment specific mutagenesis has also been-used to 
analyse functional sequences in the lac promoter, 


Besides introducing mtations into single-stranded DNA 
directly, mtations can also be introduced by misincor= 
poration of nucleotides during repair synthesis with DNA 
polymerase. The simplest system is to nick (and gap) at a 
restriction site and 'fill in' with DNA polymerase in the 
absence of a nucleotide or in the presence of a micleotide 
analogue . Base exchange during repair can be prevented 
either by incorporation of a=thio deoxymucleotides or by 
uSing reverse transcriptase, which lacke proofreading activity 
DNA ligase is used to freeze.mtations after repair by sealing 
across the nick, | : 


There is no doubt that the most powerful method for 
obtaining defined single base changes is the oligonucleotide 
directed method championed by M, Smith and applied initially 
to the single-stranded phage oX174 ~. In this method, an 
oligonucleotide with a mismatch or small deletion is annealed 
to a Single stranded template and used to prime the synthesis 
of a complementary strand. Theoretically, 50 per cent of the 
progeny molecules arising after transfection should be mtant. 
The power of the method lies in the fact that there is virtu- 
ally no constraint on the target, provided the nucleotide 
sequence of the DNA is known. Moreover the identification of 
the progeny is now relatively straightforward since the primer 
which was used to introduce the mtations can also be used as 
a probe to search for mtants under stringent hybridization 
conditions . The method is also very versatile; it can be 
used on plasmid DNA rendered single stranded by nicking and 
extensive exonuclease III digestion as well as on DNA cloned 
in M13 cr other single stranded vector. One possible draw 
back is the need for a supply of well characterised synthetic 
oligonucleotides. If nothing else, this should provide an 
additional stirmlus to the development of rapid oligonucleo= 
tide synthesis methods. 56/ 


Several examples of the application of oligonucleotide 
Site-directed mutagenesis are available. It has been used 
to resolve the functions of two overlapping spliced adenovirus 
mRNAs made early in infection -a question which could not have 
been anSwergd unequivocally by random or target-directed 
mutagenesis . At least two groups have used the procedure 
to alter the anticodon of a cloned tRNA gene (for example, 
tR¥A Lys or tRNATYR ) to that of a suppressor tRNA gene 
The function of the tRNA was then tested by its ability to 
Suppress various amber mutations, Firlally, the method has 
been used to probe the function of the Signal peptide 
present. on secreted proteins, Changing the charge of the 
amino acids at the NH» terminus of the E.coli outer membrane 
protein affected the eee of the protein to be assembled 
in the membrane, 


Clearly, there are a wide variety of biological pro- 
blems which will benefit fron the application of both target= 
and site directed in vitro mutagenesis. It is now possible 
to introduce specific Changes into cloned DNA; when coupled 
with high level gene expression vectors it should also be 
possible to assay the effect of these Changes in several 
prokaryotic and eukaryotic systems, For certain proteins, 
for which there is detailed structural information and a 
Cloned gene available, it is not too fanciful to consider 
that specific mutations could be introduced to produce 
molecules with altered or novel activities, 


(Nature, 299, 5881 (September 23, 1982) pp 298-299) 
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Is Hepatitis B Virus a Retrovirus in Disguise? 


Among the many features shared by the hepatitis B 
viruses and the retzoviruses is a reverse trans-= 
Cription stem in the viral life cycles. 


by Jean L. Marx 


Until recently, reverse transcription, the copying of 
RNA, was thought to be an exclusive property of the RNA- 
containing retroviruses. Within the past year or so that 
view has changed. The discovery of processed genes (Science 
28 May, P.969) strongly suggests that mammalian genes may 
also be copied from RNA. And now, there is evidence for a 
reverse transcription step in the life cycle of human hepa- 
titis B and related animal viruses, which have DNA as their 
‘genetic material. 


In the June issue of Cell, Jesse Summers and William 
Mason of the Institute for Cancer Research in the Philadel- 
phia suburb of Fox Chase reported that during the repli- 
cation of the genome of duck hepatitis B virus (DHBV) the 
first of the two DNA strands to be synthesized is copied 
from an RNA template, not a DNA template. The second 
strand is then copied from the first. 


Although this is the first direct demonstration of 
reverse transcription in the life cycle of a DNA-containing 
virus, the finding was not unexpected. Several parallels 
between the hepatitis B viruses and the retroviruses have 
emerged during the past few years. In fact, Summers and 
Mason propose that the hepxtitis viruses, despite their DNA 
genomes, are very Similar to the retroviruses. This raises 
the possibility that the hepatitis B viruses, which have been 
linked to an increased incidence of liver cancer both in man 
and animals, may be carcinogenic in the same way as the 
retroviruses, which are known to cause animal Cancers. 


The resemblance of the hepatitis virus genome to the 
DNA formed during retroviral infections was one of the 
reasons that Summers and Mason began looking for evidence 
of reverse transcription in the hepatitis life cycle. 
"There is a clear analogy between the genome structure of 
the hepatitis viruses and the provirus of a retrovirus", 
Summers says. "It made us wonder if the hepatitis viruses 
were synthesized in the same way". 


When a retrovirus infects a cell, its RNA genome is 
copied by the viral enzyme reverse transcriptase to forma 
single strand of DNA, the minus strand as it is called. 
(The single-stranded RNA of the viral genome is designated 
"plus"), The minus strand is then copied to form the comple- 
mentary plus DNA strand, thus producing a double-stranded 
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DNA molecule, the provirus. This is Linear and tiene 
on each end by long terminal repeats CER 82 a 
sequence a few hundred base pairs in length. 


| ; 4 f 
Synthesis of the provirus may involve the es arate 
a cixrsular DNA intermediate consisting of a php uid -guseae eee 
strand and a growing plus strand. made, ee on the 
has not been isolated, its existence is predicte d structure. 
haptic = Sant Gehl a Ra) ee ea hg i eres rae structure 
titis virus DNA closely resembles 2. PO ee 
reer Mat EenedTabe: "If you packaged this Utaeeeseee | o 
a viral particle, it would look like a hepatitis B virus’, 
Summers saySe 


Work from William Robinson's laboratory at ote aa 
University School of Medicine and by the pap 5 
Shown that hepatitis virus DNA consists of two single | 
Strands of DNA held in a circular configuration by an re 
lap of 250 to 300 nucleotides at their 5' ends. In many a 
the viral particles one strand is incomplete, leaving single- 
Stranded regions of varying lengths, The viral particle 
~contains a polymerase that may fill in the gaps, thus produ- 
Cing a double-stranded circle containing some 3200 base pairs. 


The complete nucleotide sequences of the DNA's of human 
hepatitis B virus (HBV) and its woodchuck counterpart(WHV) 
have been determined, with major contributions from the 
laboratories of Francis Galibert at the Hopital St.Louis 
in Paris, Pierre Tiollais at the Institut Pasteur in: Paris, 
Howard Goodman and William Rutter at the University of Cali- 
fornia at San Francisco, and Kenneth Murray at the University 
of Edinburgh. These analyses show that the Complete strand 
is the minus strand, whereas the growing one is the plus 
Strand, just as they are in the postulated proviral inter- 
mediate. Moreover, all the proteins of both the retroviruses 
and hepatitis viruses are encoded in one DNA strand, Finally, 
the regions of overlap in the hepatitis DNA could give rise 
to LTR's if the circular molecule were to open upe The 
retroviral LTR's contain the promoter region, which is the 
Signal for turning on viral genes, and the supposition is 
that the 5! overlapping segments might have a similar 
function for hepatitis virus DNA, ' 


Prompted by these analogies, Summers and Mason decided 
to look for evidence of reverse transcription during the 
indicated that minus 
RNA template, About half 


Strand, In contrast, synthesis of the 
inhibited by actinomycin D, 


Summers and Mason p~opose that a complete RNA trans- 
Cript of the hepatitis DNi is made in infected liver cells. 
This RNA, which they call the "pregenome", is packaged with 
viral core protein, reverse=transcribed into the DNA mims 
Strand, and degraded, The plus DNA strand is than copied 
from the minus strand during viral maturation and eventually, 
with the addition of envelope proteins, a complete viral 
particle is formed, ready to begin a new round of infection. 


Chronic hepatitis B infections, which affect perhaps 
200 milion people world-wide, have been associated with 
an increased risk of such serious liver diseases as cirrhosis 
and cancer, The question then arises as to whether these 
viruses might cause cancer the same way the retroviruses do, 
by integrating their DNA into that of the cell.(In the case 
of the retroviruses, it is the provirus that integrates). 


Several investigators have*shown that hepatitis DNA 
is integrated in the DNA of hepatoma (liver cancer) cells 
and of cultured cell lines derived from hepatomas, but this 
does not necessarily prove that the integration actually 
Caused the cancerous transformation of the cells. As 
Summers points out, “Integration of viral DNA is not suffi- 
cient to make a tumor", 


There is a good circumstantial case that WHV causes 
liver cancers of wood=chucks, however. Summers explains, 
"We havn't seen a single animal that has a hepatoma and 
doesn't have the virus, And virtually all the infected 
animals get hepatomas", Almost all = 14 out of 15 = of the 
hepatomas examined thus far by the Fox Chase investigators 
have integrated WHV DNA in the tumor cells. 


Integration of proviral DNA can cause transformation 
in at least two ways, by directly inserting a viral onco- 
gene (cancer gene) that is either expressed in abnormal 
quantities or at an inappropriate time, or by inserting the 
LTR promoter region of the virus near a cellular oncogene 
and turning it on. 


The Summers group, in collaboration with that of 
Susan Astrin, also at the Institute for Cancer Research, 
cloned segments of DNA from two woodchuck hepatomas that 
contained integrated hepatitis DNA sequences, They hoped to 
obtain clues to the mechanism by which the virus infection 
might lead to cancer, "But we didn't really solve that 
problem", Summers remarks. 
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They found that the WHV DNA undergoes extensive re= 
arrangements with loss of sequences when it integrates. 
This is in marked contrast to what happens when proviral iz 
DNA integrates; the complete, unaltered provirus is ecu 
into the cellular DNA. 


The two integrated hepatitis virus DNA's contained some 
common segments, however. These included the overlap regions 
at the 5' ends, which may be analogous to the LTR promoter 
regions of the provirus, This result raises the possibility 
that promoter insertion may play a role in transformation by 
hepatitis viruses, as it does for some retroviruses, None= 
theless, the experiment did not prove that promoter inser- 
tion by WHV causes cancer, nor did it mle out other possible 
mechanisms of transformation. | 


Despite the many similarities between the hepatitis B 
vicuses and the retrovirtises, there are some significant 
differences. Both the retroviral genome and the complete 
particle are some two to three times larger than the hepatitis 
genome and viral particle. Moreover, the replicative stra- 
tegies of the two types of viruses are not entirely the same 
The reverse transcription step occurs early in the retrovirus 
life cycle, during virus disassembly, but.later in the 
hepatitis life cycle, during virus maturation. There are 
also differences in the way the two types of viruses initiate 
reverse transcription and the copying of minus strand DNA . 
Summers and Mason propose then that the hepatitis viruses 
constitute a group of reverse-transcribing viruses, but do 
not belong to the same family as the retroviruses, 


(Science, 217, 4564 (September 10, 1982) pp 1021-22) 
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Test-tube embryos: one step further 


New techniques have been developed that enable 
embryos in the laboratory to be grown to the "beating 
heart" stage, when discrete organs like the heart begin 
to develop. This achievement may enable biologists to 
discover why an embryo at this stage iS so terribly 
ea to the drugs and viruses that cause birth 

efects. 


The fertilised eggs of hamsters, rats and pigs 
and even humans often divide once or twice-and then stop. 
Up to now, the only reliable way to get an embryo going 
again was to put it back into the female's oviduct. 
But a team of British scientists has recently discovered 
away of restarting the development of very young mouse 
embryos in the laboratory (Nature, vol 299 p 460). 


This disinclination to develop in the lab—the 
so-called "in vitro two-cell block"-is not entirely 
universal. Human embryos in the lab usually stop develop- 
ing at the 4-16 cell stage-but a few have gone on to 
develop to the blastocyst stage-when the embryo is a 
ball of 64-128 cells enclosing a fluid-filled cavity. 

It!s at this stage that the embryo would normally 
implant on the wall of the uterus, 


Researchers at the Medical Research Council's 
Laboratory Animals Centre in Surrey are trying to find 
out what makes some embryos balk at an early stage of 
development, They have looked at specially—bred mice 
which produce embryos that seem at home in the laboratory- 
and can happily develop through the blastocyst stage 
outside the mother, 


What the researchers, Audrey Muggleton—-Harris, 
D. G. Whittingham and Lynette Wilson, did was to inject 
small amounts of cytoplasm, from these unusal embryos 
that do develop normally in the lab, into the blocked 
two cell embryos of ordinary mice, Seventy per cent of 
the previously blocked eggs developed during the following 
72 hours into comparatively sophisticated blastocysts. 
The embryos were transformed from mere two-cell weaklings 
into sub-stantial clusters of cells. But injecting 
the embryos with cytoplasm from other blocked embryos 
did nothing for them-none got past the four-cell stage. 


Something in the cytoplasm of the special breeds 
of mice apparently stimulated the blocked embryos to 
continue developing; the unknown substance probably 
jolts the embryo into action by switching on its 
geneSe Normally, an embryo's own genetic material 
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block on the 
Starts working at the two-cell stage. A 
activity of its genes may mean that some crucial Sheearic 
involved in cell division does not appear at the r1g 
time and so the embryo's can't go on dividing. 


But what is it that blocks the genes? Dr. Whitt- 
ingham told New Scientist that perhpas some essential 
ingredient of the culture medium may be missing or 
crucial energy-rich metabolites produced by the mame 
in very small quantities, may be leached into the medium 
and lost forever. 


Even if the embryo has jumped this hurdle and 
reached the blastocyst stage it is still very fragile. 
The blastocyst is minute, about the size of a full-stop. 
Coaxing even this unusually co-operative mouse embryo 
into developing in the laboratory past the implantation 
Stage is very tricky. "The wild tales of growing embryos 
up to term" said Dr, Whittingham "are figments of the 
imagination," 


The blastocyst has two problems to overcome: it 
has to emerge from a non cellular coat that surrounds 
all mammalian eggs called the zone of pellucida, and 
it has to avoid being poisoned by its own metabolic 
activities, A team of Ama@ican researchers, Dr. Yu-Chih 
Hsu and Li-Tsun Chen at John Hopkins University, have just 
managed to keep mouse embryos alive to the "beating 
heart" stage (Just beyond the blastocyst stage) in 
culture, for a day or two (Science, vol 21Bs. p 66),. They 
kept these 10-day old embryos briefly alive by removing 
blastocysts from pregnant mice, just as they broke out 
of the zone of pellucida. The Sclentists then persuaded 
the embryos to grow in a liquid culture medium containing 
blood serum from rats, 


At this stage, discrete organs begin to develop 
(organogenesis). In the human it occurs in the first 
few months of gestation, The technical breakthrough in 
culturing mouse embryos may enable biologists to find 
out why most birth defects occur at this stage. The 
human embryo is most susceptible to drugs like thalidomide 


or viruses like German measles, during its first months 
of lite, 


b 


The "test-tube baby" pioneers Drs. Edw e 
Steptoe of Bourn Hall Clinic, Cambridge, Havendut a 
human embryos up to the critical blastocyst Stage-and 
Just beyond. Dr. Edwards reports that he has managed in 
the laboratory to get human blastocysts out of the 
confining zone of pellucida, He suspects that some 
embryos that have failed to develop after they were retur =t0 | 
to the human womb have been unable to get free of thi Ps 
membrane and implant normally on the uterus wall oe 
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Dr. Edwards' ability to coax human blastocysts out 
of their shell in the laboratory may be one small step 
toward culturing human embryos "to term" in the laboratory. 
But researchers are still a long way from that goal. 


More likely to be successful in the near future 
are efforts to culture just one type of embryonic tissue, 
Such as nervous tissue for example, in an enriched "condi- 
tioned" medium where other cells have been grown to give 
the embryonic cells something to attach to. Such cultures 
would enable developmental biologists to begin to 
unravel the intricacies of differentiation-one system 
at a time, 


( New Scientist, (96 , 1327 (October 14, 1982) p.90) 


Clearing Pesticides from the Body 


by Thomas H, Maugh II 


A new approach to the removal of halogenated pesticides 
and other chemicals from animals and, perhaps, humans, was 
reported at the ACS meeting by Karl K, Rozman of the Univer-= 
Sity of Kanasas Medical Center. The treatnent involves 
adninistration of aliphatic hydrocarbons such as nineral 
oil and hexadecane, which are poorly absorbed in the gut. 


The conventional treatrient for removal of halogenated 
compounds, developed in 1978 by Philip S. Guzelian of the 
Medical College of Virginia, involves administration of 
cholestyramine, which binds to halogenated chemicals in the 
intestine and promotes their excretion. Pesticides stored 
in body fat then migrate to the intestine by passive 
diffusion to naintain a balance between stored and mobile 
Chemicals, Rozman and Tibor Rozman of the Gesellschaft 
for Strahlien und Unweltforschung mbH of Munich have demon-= 
Strated that this diffusion can be stimulated as much as 
13 fold in rats and rhesus nonkeys by feeding the aninals 
Small amounts of the aliphatic hydrocarbons. The treatment 
would thus be complenentary to use of Cholestyranine. 


G. Stanley Smith of New Mexico State University also 
reported that he and Karl Rozman were able to speed the 
elinination of labeled hexachlorophene fron sheep and 
mirex from goats by feeding the animals aliphatic hydro- 
carbons at a rate of 5 percent in the diet. Fecal 
excretion of the halogenated materials waS increased three= 
fold in the sheep and twofold in lactating goats without 


increasing the concentration of the Chenicals in blood or 


(Science, 216, 4570 (Oct. 22, 1982) p 363) 


Power from within the body 


A new source of power developed at Saarland University 


Federal Republic of Germany has nany potential applications 
in medicine, 


It may mean that diabetics will no longer need to inject 
insulin, that heart pacemakers will no longer need batteries. 
It holds promise that cases of muscle paralysis will be 
helped and such complicated devices as artificial urinary 
tracts will be better controlled, This generator, developed 
by Professor Eberhard Haussler, of the University's, institute 
for applied physics, looks mech like common aluminium foil. 


The idea is not new, Most of us use it in the form of 
flintless lighters operating on the principle of piezoe- 
lectrics, These lighters along with ultrasonic remote 
Control devices, are based on an invention that is now about 
100 years old. Piezo-electricity is based on the appearance 
of a positive electric charge on one side of certain crystals 
and a negative charge on the opposite side when the crystals 
are Subjected to mechanical pressure. Applied to the plastic 
foil that so resembles everyday aluminium foil, this means 
that even the slightest stretching or distortion in any 
other way produces a weak electric impulse, converting 
mechanical energy into electricity. The plastic foil made 
of polyvinyl fluoride (PVF 2) is 'polarised', meaning that 
its tiny molecule chains is upset and the individual atmos 
are shifted from their original position. 


This change, because the molecule chains chafe 
against each other, creates an electric current, which 
Can be tapped by polymer foils exposed to aluminium 
vapours, What looks like chocolate wrapping becomes a 
generator and the minute currents produced have many poten-= 
tial applications in technical medicine. 


The 1/100,000th of a watt a heart pacemaker needs, now 
provided by a battery, could well be generated this way. 
Using several layers of foil wrapped around an artery, the 
generator could provide all the electricity needed by 
devices implanted in the human body. 


The arteries that expand and contract rhythnically 
as blood is pumped through then provid the mechnical force 
to agitate the foil. HEvena two per cent stretching is 
enough to provide the brief electric impulses needed to 
charge a condenser. The accumulated charge is directed into 
a storage battery which it charges on am impulse basis. 
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But the mechanical energy must not be provided by an 
artery. It could just as well come from other parts of 
the body that contract and expand. One suitable place 
would be between two ribs where breathing would do the job. 
A normal chest expansion of 0.7 per cent would be enough 
to produce 10 milliamperes, liany an energy problem in the 
human body could be solved this way. Side effects would 
disappear. Diabetics would no longer need the daily shot 
of insulin because the generator in their bodies would make 
it possible in implant microprocessor-controlled pumps that 
would release insulin, A generator along the ribs would 
produce the energy needed to control the insulin level and 
So ensure an absolutely correct dosage of the life-saving 
drug. 


‘Such a generator and nedication pump within the body 
is technically perfectly possible’, Says Professor Hausler, 
Ten layers of foil would have a thickness of 0.09 WM sala Lt 
could also operate such Complicated devices as artificial 
urinary tracts where the piezoelectric energy would serve 
to open and close valves and to monitor the contents of 
the bladder. The foils also provide impulses to stimlate 
eyelids in cases of muscle atrophy or be applied to a wide 
range of muscle paralysis, Monitors and transmitters based 
on this principle have Successfully been used in long-tern 


animal experiments where they provided the necessary energy 
for periods of more than ten years. 


But despite all these successes there are also sone 
practical obstacles, For instance ribbreathing diminishes 
in the old, Diaphragn breathing takes over, Arterios- 
Clerosis in old age prevents full expansion and contraction 
of arteries, Work is on how to over cone these, 


(PTI Science Service, 1, 22 (Aug. 16-31, 1982) pp. 1~2) 
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Chemical Fossils : The Geological Fate of Steroids 
by AS. Mackenzie et al. 
(Summary ) : 


Steroids are used to illustrate some of the signifi- 
cant advances that have been made in recent years in under- 
Standing the biological origin and geological fate of the 
organic compounds in sediments. The precursor sterols are 
transforned, initially by microbial activity and later by 
physicochenical constraints, into thermodynamically more 
Stable saturated and aromatic hydrocarbons in mature sedi- 
ments and petroleums. The steps in this transformation 
result in a complex web linking biogenesis, diagenesis, and 
catagenesis. Indeed, the complexity and variety of biologi- 
Cal lipids such as the steroids are evidently matched in 
the corresponding geolipids, The extent of preservation of 
the biochemical imprint in the structures and stereochenistry 
of these geolipids, even over hundreds of millions of years, 
is starting, as is the systematic and sequential nature of 
the geochemical changes they evidently undergo. This new 
understanding of molecular organic geochemistry has appli- 
Cations in petroleum geochemistry, where biological marker 
compounds are valuable in the assessment of sediment maturity 
and in correlation work, 


(Science, 217, 4559, (aug. 6, 1982) pp 491-504) 


CHANGE IN CANCER GENE PINPOINTED 


Just one small change can convert a normal peer oe: i 
gene into one capable of causing cancerous transforma ° 


by Jean L. Marx 


fforts to understand how cancer orginates were given a 
aN year or two ago when investigators found that a number 
of human and animal cancer cells contain genes that could be 
transferred into cultured cells, which consequently underwent 
Cancerous transformation. Since then mich effort has been 
directed toward determining the precise difference between 
the cancer genes and the normal cellular genes to which they 
were found to be related, 


eee To identify the gene change, Weinberg, with Clifford 
Tabin and Scott Bradley of MIT, collaborated with Ravi Dhar, 
Esther Chang, and Douglas Lowy of the National Cancer Institute 
(NCI), and Edward Scolnick, who recently moved from NCI to 
Merck Laboratories in Westpoint, Pennsylvania, in a series of 
what they call "mix-and-match" experiments, In these experi- 
ments, the investigators Systematically exchanged segments of 
the transforming gene. (Proto-oncogenes are normal cellular 
genes that have the potential to transform when appropriately) 
activated.) The recombinant genes were then transferred into 
cultured NIH3T3 cells to see which had transforming capabili- 
ties. Introduction of a Specific 350—muc leotide~long Segment 
into the nontransforming Bene caused its activation. The 
reciprocal experiment inactivated the oncogene, 


Meanwhile, Mariano Barbacid and E. Premkumar Reddy of 
NCI had embarked on a similar Series of experiments, They 


as crucial for transformation, 
crucial segments from the bladder oncogene and the proto- 

oncogene, they found that the Sequences differed in the same 
nucleotide. A guanine was replaced by a thymine base. As a 


eSidue from the amino terminal 


transformation, There are other 


nucleotide differences bet- 
ween the two Senes, but only the 


one matters for transformation, 


The Weinberg group has compared expression of the onco-= 
gene in bladder carcinoma Cells with that of the proto-onco-= 
gene in normal bladder epithelial cells, They found the 
Proto=oncogene and the oncogene to be expressed in roughly 
Comparable amounts at the level of both RNA and protein. In 
gene transfer experiments, only the Oncogene transformed the 


recipient cells, but the normal gene 
, ge roduct w 
made in greater quantities, ‘i aS, if anything, 
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Bs Wigler reports similar findings in transfer experiments. 
The NIHST3 Cells are expressing enormous amounts of normal 
protein and are not particularly transformed, but the same cells 
making mech less of the altered protein are. The transforming 
protein is at least 100 times more potent in inducing the 
transforming phenotype. 


This result was unexpected as other work has shown that 
increased expression of a proto-oncogene may cause transfor- 
mation, For example, the oncogenes carried by the animal 
Cancer viruses are actually cellular genes that the viruses 
have picked up during the course of infection. In cells 
infected by these natural recombinant viruses, more of the 
genes' products are made under the control of the viral 
regulatory elements than when they are under cellular control, 
and transformation results. 


Moreover, the bladder oncogene was shown last spring to 
be closely related to the ras (for rat sarcoma) gene of Harvey 
Sarcoma virus and its mouse counterpart, the bas (for BALB/c 
mouse Sarcoma) gene. Lowy, Scolnick, and their co-workers 
have shown that the transforming potential of the cellular 
homolog of the ras gene can be activated by tying it to a 
viral regulatory sequence, which results in increased for= 
mation of its protein product. But increased expression 
does not appear to be a factor in transformation by the bladder 
oncogenee There may be two ways of activating the ras proto-= 
oncogene = by increasing its expression or by introducing into 
it a single nucleotide change, 


How this change causes transformation is unclear. The 
consequent alteration in the gene product may make it more 
efficient at doing what it normally does or it may acquire a 
new function. Resolving this issue will not be easy. Al-= 
though Lowy and Scolnick have identified the protein products 
of the ras gene family, what they do remains a mystery. 


Also surprising is the fact that a single nucleotide 
change can confer transforming capabilities on a gene. The 
development of human cancer naturally involves several steps 
and latent periods of 20 years or moree Barbacid says of the 
current work,"We have at best only a portion of a complex 
picture". 


One possibility is that the change seen in the bladder 
oncogene is just one of a sequence of changes, all of which 
are needed for transformation. The gene may work when trans- 
ferred into NIH3T3 because these cells are partially trans- 
formed, and thus particularly susceptible to transformation 
by some genes, although clearly not by alle... 


(Science, 218, 4573 (Nov.12,1982) p.667) 
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Liver cancer: the search for the oncogene 


There is a growing body of Apliiertebh spears 5 6S tales 
i ilcating the hepatitis virus as a cause 
ace Not only me infection with the virus See 
by the development of tumours, but the tumour Sa a 
often be shown to contain viral DNA integrated wi 
their own. This evidence, however, falls short of ‘ 
conclusively incriminating the virus: integrated vira 
DNA can also be found in non-cancerous cells, and the E 
tumours could result from regenerative activity induce 
by the destructive effects of the infection. So in yee 
hope of pinning down the culprit, biologists at the Fox 
Chase Cancer Center in Philadelphia, equipped with 
recombinant DNA technology, have set out in search of the 
oncogene-the actual viral sequence, if it exists, that 
Causes the cancer. And they have succeeded in tracking 
down two possibilities-each consistent with a different 
mechanism by which the cancers many be caused (Cell, 
vol 29; p 385). 


They found the sequences not in human tumour cells 
but in liver tumours of the woodchuck, which has the 
misfortune to be Susceptible to a virus very Similar 
to the human one. The discovery was made by Walter 
Ogston and colleagues working in the laboratory of Jesse 
Summers, who has built up much of the evidence that 
various related hepatitis viruses may cause liver tumours 
in birds and mammals, 


The starting materials for the research were two 
liver tumours containing integrated woodchuck hepatitis 
virus DNA. In order to scrutinise these DNA sequences 


of the native virus. From this it was immediately clear 
that both integrated Sequences had undergone substantial 
Changes, And by a stroke of luck, these changes were so 
extensive that only one complete protein-coding Sequence 
was left in common between the two. So if the virus does 
contain an oncogene, then this sequence must be it, 


But there is another possibility. It has become 
Clear from recent work on other establish 


- These sequences induce cancerous growth 
only when under the influence 


regulatory Sequence known as a promotor. This molecular 
on Switch Causes gross OVer—production of the otherwise 
harmless protein encoded by the 6ene. So one way in which 


a. 


71 


viruses might cause cancer would be by inserting their 
promotors Strategically close to the normal cellular 
gene from which the viral oncogenes are derived. 


This possibility, too, is consistent with what 
Ogston and his colleagues have found in the integrated 
woodchuck viruses: both viral Sequences include a 
sequence that does not code for any identified viral 
protein and is close to the end of the viral DNA-which 
Suggests that it may well be a promotor region. 


There is yet a third possibility, though most biolo- 
8ists would consider it less likely: it could be that the 
viral DNA represses a normal cellular control that 
prevents cells from proliferating continuously. All these 
possibilities can now be tested. 


if the virus is either promoting or repressing 
Specific cellular genes then it should be integrated 
in the same specific region in the cell's DNA in the 
different tumours, If it is synthesising large quan- 
tities of a cancer-causing protein from its own oncogene 
then viruses with mutations in the putative oncogene 
Should fail to cause tumours, 


In either case, it is nice to know that while on 
the one hand recombinant DNA technology may be showing 
how hepatitis viruses can cause cancer, on the other 
hand it is in the process of producing what may prove 
to be a safe and effective vaccine against the virus. 
Liver cancer is a relatively rare consequence of viral 
infections; but hepatitis is far from rare and can be 
fatal. 


(New Scientist, 95, 1332 (Sep.9, 1982) p.689) 


Potential New Drugs for Duodenal Ulcers 
by Thomas H, Maugh II 


A potential new approach to the therapy of duodenal 
ulcers was described by Sandor Szabo of Harvard Medical 
School, Szabo and John L. Neuneyer of Northeasterm University 
have found that dopamine agonists (chemicals that compete for 
the same binding sites as dopamine and thereby stimulate its 
activity) can both retard the formation of duodenal ulcers 
in rats and speed their healing, Duodenal ulcers are four 
to ten times more common than gastric ulcers; Szabo esti 
nates that 8 to 10 percent of the population will develop 
ulcers at least once in their lives, 


Szabo and Neumeyer's results sten fron the Search for 
Chemicals that will induce duodenal ulcers in laboratory 
aninals., In the early 1970's, Szabo and Hans Selye of the 
University of Montreal found that propionitrile and cysteae 
Mine specifically induce duodenal ulcers in rats. Purther 
Study showed that the ulcerogenic activity of these and 
Subsequently discovered chenicals derives from a two-carbon 
(ethyl) group bearing methyl, cyano, Sulthydryl, or anino 
moieties on one or both ends of the carbon chain. Such 
G&roups are a common feature of histamine, gastrin, ibuprofen, 
aSpirin, indomethacin, and phenylbutazone, all of which are 
known to stimulate excess acid Secretion or to exert other 
undesired gastro~intestinal effects, Such a Group is also 
present in dopanine, 


It has previously been observed that patients with 
untreated Parkinson's disease, which is associated with 
excess production of dopamine, have a high rate of ulcer 
disease, while SChizophrenics (who May have an excess of 
L-dopa) are virtually immune to the disease. The Boston 
-investigators thus Studied several dopanine agonists, includ- 
ing bromocriptine, lergotrile, -dop2, and apomorphine and 
its derivatives, and found that the best of these were 
about 10 to 20 times nore potent than ergot alkaloids in 
Preventing chemically induced duodenal ulcers in rats; these 
Sane compounds were about 200 tines more potent than cineti-~ 
dine, the most Widely used therapeutic agent for ulcers, 


In Contrast, dopamine antagonists such as haloperidol 
and pinozide aggravated the formation of ulcers, The 
agonists also Significantly Speeded the healing of eStablished 
ulcers, Szabo Says that "several of these compounds are now 


Close to the Clinical stage of testing", but the Concedes 
that it may be neces 


nee : Sary to find agonists that don't affect 
er dopamine systems bef r =) 
po ti il ore the approach can be really 


(Science, 218, 4570 (Oct, 22, 1982) pp 362463) 


Deaths Halt Interferon Trials in France 
by David Dickson 


The French government announced last week that it was 
halting a broad program of clinical trials of human inter- 
feron in public hospitals, following the deaths of four 
Cancer patients who were being treated with the drug as part 
of an investigation of its potential antitunor properties, 
The patients died of heart attacks, 


The suspension of the trials is the second setback 
within a few months for an ambitious program to test the 
potential effectiveness of human interferon, launched by the 
Ministry of Health in December 1980, Last June, production 
of alpha interferon by the company L' Institut Pasteur 
Productions (IPP), a subsidiary of the Sanofi/Elf-Aquitaine 
&roup, was suspended after delays in getting the clinical 
trials of the ground had led to a much smaller demand for 
interferon than initially anticipated. 


The trials are being organized by a scientific 
committee which has now decided that they should not 
proceed until the reasons for the deaths of the patients, 
each of whom was suffering from an advanced. form of cancer, 
are known in nore detail. In particular, tests are being 
carried out by IPP to discover whether the toxic effects 
were the result of the interferon itself, or whether they 
were Caused by impurities in the blood samples from which 
the interferon was taken. 


IPP, which is producing the interferon in collaboration 
with the National Center for Blood Transfusion, is now 
expected to carry out additional purification of the 50 
billion units it has been holding in stock since production 
was halted in June, 


Meanwhile, the deaths of the four patients have helped 
stir a growing debate over whether it is ethical to permit 
experinentation on human subjects on such a large scale 
pefore more detailed information is known about the thera- 
peutic action of interferon and its toxic side effects, 

In additicn, there are concerns that hospitals may have 

been usins unregistered batches of interferon offered by 
foreign companies for experimental use, a practice which, 

if confirmed, raises yet more ethical questions since 
questionable financial dealings may also have been involved. 
Under the terms of the governnent-sponsored trials, clini- 
cians who carried out experiments with cancer patients accor-= 
ding to an approved protocol were reimbursed for the full 
costs of the interferon that they had used, 
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American researchers have not observed heart attacke 
problems with cancer patients in interferon trials, 
according to Robert Oldhan, director of the National 
Cancer Institute's program oversecing clinical trials 
with interferon. Interferon supplies for these studies 
are domestically produced. Oldham said that interferon 
Can produce a hish fever in some patients. This effect, 
he Said, could harm a patient with a history of severe 
heart problems, 


(Science, 218, 4574 (Nov. 19, 1982) p 772) 
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Twinkle, twinkle quasi star ... 


by Marek Abramowicz 


Was our Galaxy a quasar? Could it become a quasar in 
the future? In a recent issue of Monthly Notes of the 
Royal Astronomical Society (200, 247; 1982), Bailey argues 
that the Galaxy has indeed undergone at least one event of 
quasar-like activity in the recent past and may do so againe 


Short, active periods recur in most galaxies. In 
Bailey's picture of galactic evolution, the mass lost by 
Stars slowly settles in a central rotating disk. This 
continues quietly until the disk density exceeds M/r’, 
where M is the mass of the galactic mcleus and r is the 
diskébecomes important @nd local instabilities, siniler to 
the Jeans instability, develop. According to Paczynski, 
if the optical depth is so large that the cooling time 
Scale is much longer than the rotational period, the insta- 
bilities will not produce condensations but will increase 
the velocity dispersion in the g2s. Without condensations 
no star formation is possible. Velocity dispersion produces 
turbulence, thereby enhancing viscous stresses, which drive 
accretion by transporting angular momentum outwards and 

ducing Ate . . ret +a. 
producing heat J vadius. At this point the self gravity an 

Bailey modifies this ideas he assumes that conden- 
Sations will form and a sequential stnr formation occur, 

He suggests that this will produce turbulent motions in 

the gas which in turn increase viscosity. As in Paczynski's 
model, the rapid viscous evolution of the disk fuels the 
activity of the nucleus by accretion of gas onto a super 
massive central black hole, Alternatively, in the absence of 
such a hole, a massive central cloud may form which even= 
tually collapses to form a black hole of Spinar. 


The evolution goes through the sequence of long, ques 
phases interruptec by short periocs of -high activity; the 
quasars twinkle, very much like cataolysnic variables in 
our Galaxy. But does this idea agree with what we know about 
quasars? 


Despite the substantial progress in our uncerstanding 
of the nature of active galactic nuclei, a few fundanental 
problens have not yet been solved:(1) The supply problen-- 
how can a galaxy supply enough natter to fuel the activity 
of its nucleus? (2) The efficiency problem - what physical 
nechanisn provides a high enough efficiency of accretion? 
(Efficiency is the nunber of er ;s of enercy radiated per 
eranne of natter swallowed by the nucleus). (3) The 
verification problem — how can observations confirm or 
rule out the different theoretical nodels (black hole/ 


res ‘9 
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The supply problen: 


The galaxy supplies fuel to its nucleus iain ioe — 
nass loss fron Stars, or by nore exotic en chews: 
Captures anc disruptions which can be very effec 1 ae nade! 
the central black hole. Sone questions eee ad Ee 
then, how to compute the stellar Capture and year ho A = ’ 
and how to determine the fate of the resulting ee hs Z 
pointed out by Rees and others, the Classical sn pag 
Hills are over-optinistic because they do not allow es 
fact that once all the stars whose orbits pass close to ; 
central hole have been destroyed, further capture can occur 
only when dynamical interaction between the stars Fe oe | 
lates the orbits, that is, on a tine scale longer than yre 
This means that the rate of Supply from the galaxy nay be 
insufficient to fuel Continuously the activity of the nucleus. 
Obviously, Bailey's scenario Gives an opportunity to Solve ‘ 
this problem: the disk deposits'a large mass by accurmlating 
a low income over a very long time - it can therefore afford 
Short tine losses at a rate mich higher than the income. 


The efficiency problen: 





Black holes, once formec, cannot be destroyed. Soltan 
uses this fundanental fact to discuss the masses of quasars 
and the efficiency of accretion. If quasar-like events are 
Common and if they involve black holes, then there should 
be black holes in most calaxies. The mass of the hole must 
be s@aller than that of its host galaxy. Since we know 
the masses of galaxies from observation, we can set an 
upper limit to the black hole masseS, which is also the 
upper limit for the mass of the fuel swallowed by the hole 
during the active phases, Soltan also estimates (from 
quasar Counts and bolometric luminosities) an absolute 
lower limit for the total enersy produced by the quasars 
per unit volume, His estimate is independent of cosmo~ 
logical model and agrees with a similar estimate of 
Schmidt. The upper limit for mass, together with the 
lower limit for energy, Give the lower limit for efficiency, 
which is close to O.1. Such a high efficiency cannot be 
Consistent with very thick, Stationary accretion disks, 


i However, there are strong 
arguments in favour of very thick disks as models of active 
galactic nuclei, Thick disks can generate huge, super= 


Eddington luminosities observed in some BL Lace objects 


and produce long, jetlike Structures in which matter moves 


with apparently superluminal velocities, I+ was suggested 
(by nyself, Paczynski, Blandford anc Probably by others) 
that non=stationary disks can radiate away most of their 
energy while beings 6eometrically thick from time to time, 
Between these flare-ups most of the matter is accreted 
Onto 2 black hole from = Be rie Such disks may be both 
efficient and thick, Their Behaviour resembles the sho 


rt, 
active, Tecurrent events advocated by Bailey, 
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The verification problem: 


Bailey shows that the observations of several nearby 
Salaxies are consistent with his theory. However, in 
the case of our Galactic Centre, his theory agrees with 
both the black hole and the Spinar models, thus leaving 
unanswered the question, raised by Lynden.Bell, is there 
a black hole in the centre of our Galaxy? Previously 
Bailey has argued that the Galactic Centre may contain 
Compact object (black hole?) with a mass greater than 10M. 
Other authors, particularly Ozernol, maintain that in this 
case the Galactic Centre would have a mach higher lumin- 
osity than is observed, This controversy will probably last 
for some time to come, because its source lies mainly in 
genuine difficulties of theoretical interpretation and 
cannot be resolved by progress in technology. 


Bailey discussed some indirect observational tests of 
his theory. A direct test is also possible, Preliminary, 
unpublished results of Sikora and Soltan, who have analysed 
Statistically the observed ratio of the radio luminosity of 
extended sources to the bolometric luminosity of their 
central nuclei as a function of redshift, seem to indicate 
that the galactic nuclei do indeed twinkle, The intensity 
and frequency of twinkling falls off with time. 


Some of Bailey's calculations employ astrophysical 
theories that are still likely to experience new develop- 
ments and substantial revisions, In addition, a few of 
his results are in conflict with those of other investi - 
gators. This may indicate that some details of Bailey's 
theory will need reconsideration, However, the main idea, 
that active galactic nuclei switch on and off, or that 
"quasars twinkle', is, in my opinion, both very important 
and correct. Some elements of this idea have been discussed 
by other authors before Bailey. However, he presented it 
for the first time in a wide context of galactic evolution 
and endowed it with astrophysically realistic scenarios. 
The richness and complexity of Bailey's theory will guide 
many theoreticians and observers in their work on active 
galactic nuclei in years to come, 


(Nature ,298, 5877 (August 26, 1982) pp 789-90) 
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Galaxy formation - the gravitinos weigh in 


Our Universe is almost perfectly described ae Pe 
uniform, empty, expanding region of Spacetime, Bu ag 
contains some minor irregularities—lumps in the ae fe 
emptiness-in the form of galaxies. Explaining Li rae 
lumps came into being after the Big Bangis one o 
prime tasks of theoretical astronomers, and a team a 
based in the US has now come up with a new Solution to e 


problem. 


George Blumenthal and Heinz Pagels, of the Universi ty 
of California, and Joel Primack, of the Rockefeller 
University, New York, have been looking at the problem 
in the context of the unified theory of physics called 
Supergravity. In this theory, the gravition, the 
particle which "carries" the gravitational interaction, 
has a counterpart called the gravitino, which can be 
thought of in some ways as a gravitational equivalent 
to the neutrino. The possibility that neutrinos have 
mass has been in the news in recent years (New Scientist, 
vol 86, p 308). Whatever the outcome of the debate 
on that point, astronomers have been intrigued by the 
coincidence that the masses claimed for neutrinos would 
produce perturbations in the Big Bang that would account 
perfectly for the presence of irregularities on the 
scale of superclusters of galaxies today. 


But the suggested neutrino masses are much too 
Small to produce irregularities with masses like that of 
a typical galaxy, about 10'* times the mass of the Sun if 
we include the dark halo material now thought to surround 
each bright galaxy. On the other hand, gravitinos with 
mass close to 1 keV (about one five-hundredth of the 
mass of an electron but more than 10 times as massive 
aS a neutrino). would be just right for the Job, and this 
1s, indeed, the sort of gravitino mass that comes out 
of the theoretical equations (Nature, vol 299, jo Ree og 


Such a mass would, however, have other implications, 
It has been suggested recently that matter as we know 
it (baryonic matter, dominated by neutrons and protons), 
may make up less than 10 per cent of the gravitational 
mass of the Universe, and that On a cosmological scale 
events are dominated by non-baryonic matter. Massive 
gravitinos could also Carry out this role, even pro- 
viding enough mass to "close! the Universe and ensure 
that its present €xpansion phase is ultimately halted 
and followed by collapse back into a cosmic fireball, 


(New Scientist, 95, 1332 (Sep.9, 1982) p, 689 ) 
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The beginnings of solar-terrestrial studies 


by David W, Hughes 


the early years of the nineteenth century mark 
a& watershed in astronomy. From that time astronomers 
ceased to concentrate on recording the positions and 
movement of celestial objects and astrophysics began 
its growth into the dominant force it is today. As 
documented in a recent review of the birth of the 
study of solar-terrestrial relations (Vistas Astr.25, 
419; 1982), a factor that helped this transformation 
was the realization, as result of geomagnetic, auroral 
and meteorological observations, that there was an 
obvious nongravitational interaction between the Sun 
and the Earth, 


Our knowledge of the existence of sunspots is 
centuries old but the periodicity of their occurrence, 
the so-called solar cycle, was only reported as recently 
as 1843. H. Schwabe, a one-time apothecary of Dessau, 
devoted himself to the observation and recording of 
Sunspots (Some say partly in the hope of discovering 
an intra-Mercurial planet). By 1838he began to suspect 
that the 'spottiness' of the Sun changed with a period 
of about 10 years. He published his conclusions in 
Astronomische Nachrichten (20, no.495) but his discovery 
did not become widely known until Baron von Humboldt 
publicized it in 1851 in the third volume of his 
popular work Cosmos. This popularization opened the 
flood gates, 


Colonel Sabine of the British army had been 
analysing a series of magnetic field measurements 
taken from a group of observatories dotted throughout 
the British colonies. They showed that the Earth's 
field underwent small fluctuations, the amplitudes of 
which varied with time. AS Sabine wrote: "It happens 
by a most curious coincidence" that the magnitude and 
frequency of magnstic disturbances, on a global scale, 
had a maximum in 1848 and a minimum in 1843, following 
the sunspots. Sabine published his findings in March 
1852 and A. Gautier and Rudolf Wolf independently came 
to the same conclusions and published in the Same year. 


.. Suggestions of a close link between solar cycle 
and the frequency of aurorae were quickly made in the 
1850s but, unfortunately, the scarcity of records made 
the periodici ty of the auroral occurrence frequency 
difficult to establish. 
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Speculation about a connection between spots | 
and aurorae and spots and the weather had been made in 
the mid-eighteenth century. In 1801, William Herschel 
wen so far as to try and find a correlation between the 
number of spots and the price of corn, the latter 
obviously being influenced by the amount of fine 
weather. The 1850S was a time when all regularly 
observed meteorological variables were analysed for 
periodicities. The British with their colonial interests 
were especially involved and Indian weather reports 
were carefully perused with the hope of producing 
reliable longrange weather predictions,.- 


The relationship between solar cycles and variations 
in magnetic activity was confirmed when scientists 
realized that predictions of magnetic disturbances made 
by using sunspot observation were reasonably good 
Astrophysical mechanisms connecting changes on the 
Sun and the consequent particle and radiation flux to 
aurorae and magnetic disturbances on Earth were also 
speedily established. The importance of the solar cycle 
was r<cognized and John Herschel's guestion "What can 
there be to determine a periodicity of this kind in the 
Sun ?" became,,and still remains, an important stimulus 
to astrophysicists. 


Sun-weather relationships were a different matter. 
Post hoc correlations might be detected but predictions 
from them lacked accuracy. There were also far too 
many weather parameters to choose from. Even today, 
though many causal relationships have been suggested 
between ground temperature, rainfall, pressure and 


storms and sunspot activity, none has been generally 
accepted, 


(Nature, 298, 5874 (Aug.5-11,1982) p.518) 
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Here we go round the magnetic monopole 


-.. Magnetic monopoles have been around. at least in 
chk gy CO theorists, since the 1930s when Paul Dirac 
a: uggested that particles carrying a Single magnetic 
pole north or south, should exist. There have since 
ain: Bi few false alarms about the discovery of monopoles, 
: ast February in an experiment at Stanford University, 
B as Cabrera obtained the best evidence yet, with a 
Signal" in his apparatus that is difficult to explain 
by anything other than the passage of a monopole (New 
oclentist, vol 94, p 336). The size of the detector 
and the length of time it had been operating imply that 
there mast be a flux of 1 monopole/10 sq.cm/year at the 
Barth, The problem for theorists to consider is where 
this many monopoles originate, 


Calculations show that the magnitudes of magnetic 
fields in the Galaxy are inconsistent with there being 
this flux of monopoles throughout the Galaxy; they 
must instead be localised to the vicinity of the 
experiment, that is to the Earth, the Sun or the Solar 
System. 


S. Dimopoulos, Sheldon Glashow and E, M. Purcell 
from Harvard University and Frank Wilczek from the 
University of California, Santa Barbara, present arguments 
that rule out the Karth or the Sun as the source of the 
“observed" flux of monopoles. They suggest instead that 
the monopoles orbit the Sun in a diffuse cloud enveloping 
the Solar System just like a cloud of meteoritic dust. 
To explain the observed flux there would have to be 
around one monopole gu .kn of space wihc would imply that 
there are around 10 monopoles in Earth's orbit. 


The fate of the monopoles in the cloud is to leave 
the Solar Sy st ei or to fall into the Sun, and a source 
emitting 10 monopoles/second is necessary to maintain the 
cloud. The theorists postulate that the monopoles could 
originate either from outside the Solar-System, or 
from the Sun, which can provide suffiecient monopoles to 
maintain the could, although it cannot emit enough to ex- 
plain the total flux of the Barth. If the Sun is indeed 
a source of monopoles, then monopoles in the solar in- 
terior could provide some of the Sun's energy. This could 
be the answer to the problem of the "nissing" solar 
neutrinos, aS theories of how the solar furnace works 
would have to be altered. 


There are, fortunately, some ways in which these 
ideas can be tested. Monopole interactions within the 
Sun could produce high-energy antineutrinos, which 
Dimopoulos and his co-authors suggest experimenters 
should search for. 


ears oe neRS 4° 
(Now Scientist, 95 1322 (Sepe Dy 1982) p.692) 
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The crystal with electrons instead of anions 


Imagine the structure of a crystal of common 
salt: a rigid lattice composed of equal numbers of 
positively-charged sodium atoms (ions) and negatively- 
charged chloride ions. The crystal is stable both 
physically and electrically. Now if it were possible to 
remove all the chloride ions and replace them with 
electrons, you would be left with a very unusual 
crystal called sodium electride. James Dye and Dheep 
Issa from Michigan State University have probably come 
aS close aS it iS possible to making such a crystal 
(Journal of the American Chemical Society, vol 104,p 
BTV). 


Unfortunately, sodium electride is impossible to 
make because electrons would immediately seek out a 
more Stable chemical environment and the lattice would 
collapse to form normal sodium metal. This is because 
electrons aré more stable within ions than acting as 
replacements for them, 


The clues to the Stability of Dye and Issa's 
compound are to be found in some recent developments 
in alkali metal chemistry. Alkali metals (lithium, 
Sodium, potassium, rubidium and caeSium) normally 
prefer to form compounds in which they give up an 
electron to become positively charged, but chemists 
have found that under the right conditions they may be 
persuaded to do the exact opposite, One example of this 
1S when Sodium is dissolved in liquid ammonia. Here 
the sodium atoms ionise, and release electrons that 
remain free in solution, giving it a characteristic 
blue colour, 


Dye and Issa used a €roup of organic molecules 
called crown ethers, Fach molecule is Shaped like a 
crenelated ring, the centre of Which makes @ good 
environment for a positively-charged alkali metal ion 
to sit in. They prepared a compound called caesium 
18 C6 Sodide, in which caesium sits in the ether 

cage" aS a positive ion and Sodium anions (Na) 
balanced the charge. (18C6 is chemical Shorthand for a 
crown ether with six oxygen atoms linked by six pairs 
of carbon atoms to Sive a ring composed of 18 atoms), 


_... they then tried to repeat the experiment 
lithium instead of sodium, by mixing peakicr Laithice 
and 18C6 in an organic derivative of ammonia called 
methylamine, They eventually isolated some dark blue 
crystals, but to their Surprise chemical analysis 
revealed that the crystals cmtaingd Only trace 
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quantities of lithium; the chemical formula of the 
cryStals corresponded to caesium -18C6. Spectroscopic 
examination revealed an absorption peak the same as 

that found in the few non-crystalline electrides that 
are known. The blue colour of the crystals was strongly 
reminiscent of the colour of electrons in liquid 
ammonia, and this mixture also gives a similar absorption 
peak, All this evidence suggested to Dye and Issa that 
they had succeeded in making caesium-18C6 electride 
(caesium + 18C6 electron-). Electrons had evidently 
assumed the role of anions in the caesium-crown ether 
complex. The crystals decompose in air, but can be kept 
for days under vacuum. They melt at 65°C. 


l The role played by the lithium in the preparation 
is curious. When the scientists redissolved some 
crystals without lithium, the crystals decomposed 
immediately. The lithium clearly stabilises the 


solution, btu Dye and Issa can only speculate about how 
it achieves this. 


When better quality crystals can be made the 
chemists will be able to carry out a full structural 
investigation. They may then be able to answer the 
intriguing question about the way in which the electron 
is stabilised in this material. 


(New Scientist, © 96, 1330 (Nov. 4,1982) p.293) 
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Constraints on Surface Science Research 


by John M. White 


Surface science research offers immense and exciting 
opportunities, It is fair to say that we have only begun 
to understand what may be regarded as another state of 
matter which is just as important as the classical solid- 
liquid-gas triad. But these promising horizons are constrai- 
nedin many ways, many of which are common throughout academic 
research programs. 


scientific advances camot be made without attracting 
bright and enthusiastic people into scientific professions 
and facilitating their work. Loss of a single generation of 
people actively engaged in scientific inquiry has disastrous 
Consequences. Our highest academic priority should be 
training students in an atmosphere of free inquiry and 
Stimlating research. Too often we use students to do our 
research with little regard for their intellectual and pro= 
fessional preparation to function effectively after 
graduation. 


Another factor is the influence of sources of research 
funds on student education. With the trend toward increa- 
Sing industrial support of university research has come 
justifiable concern about the extent to which the "research= 
for-profit" and "proprietary rights" motives will direct 
such research support and thereby compromise free inquiry 
and open dissemination. But we should be equally concerned 
about the extent to which the involvenent of the govern= 
ment in university research has, over the years, influenced 
the training of students, The lion's share of federal 
dollars for university research comes in the forn of grants 
or contracts for particular projects, which are judged on 
the basis of scientific merit or the practical needs of 
government agencies, In this mode of Support, the inte- 
llectual and professional training of students plays a 
Sccondary role, 


Moreover, the number of unrestricted graduate fellow- 
Ships is now near zero, and thus there is little opportu- 
nity for undergraduate students to compete for awards that 
will give them some measure of acclaim and independence 
early in their Cargers,. This makes Students more dependent 
on project support and is an indirect, but strong, signal 
that on the national level we have lost interest in promoting 
graduate training in the SCiences, Such Signals reach the 

high Schools, where the natural sciences are Seldom high- 
lighted as exciting, worthwhile, and important professions, 
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Roos rere a Sizable National Science Foundation (NSF) 
el OwShip competition would be relatively inexpensive and 
could help to counteract this trend, 


Demographics also has important implications. Enroll- 
ments in advanced degree programs have already dropped. 
It is expected that there will be a decline of approximately 
25 percent in the number of 18+-year-olds over the next 20 
years, These factors are sure to bring pressure on our 
centers of graduate education and research, and we must 


develop long-term policies to ensure continuity in student 
training. 


In surface science, which is naturally interdiscipli- 
nary, these problems are compounded. A major commitment by 
Several departments is necessary to assemble the faculty. 
Even when chemists, physicists, and engineers are all in 
place, university departmental structures and procedures 
often impede implementation. The formation of an institute 
Solves some of these problems, but divides loyalties and 
tends to focus on project research while pushing graduate 
and undergraduate training into the background, 


Another constraint for surface science is due to its 
heavy reliance on instrumentation, It is foolhardy for a 
new investigator to attempt to begin a program with capital 
resources of less than $ 100,000. Funding at the appropriate 
level is difficult even for senior academic investigators. 
This point can be illustrated by considering fiscal 1981 data 
from the NSF. For projects in the surface science — hetero- 
geneous catalysis category the average award size was 
$ 66,000 per year, with an average of $9,600 budgeted for 
permanent equipment, Principal investigators, reviewers, 
university administrators, and granting agencies must all 
face these economic requirements squarely anc positively if 
significant numbers of surface science programs are to 
flourishe 


(Science,218, 4567 (October 1, 1982) a OB 
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Dynamic uplift of the Himalaya 


by Chieyuen Wang et.al. 


wil (Summary ) 


It has become widely accepted that the Himalaya is the 
product of collision between the Indian landmass and the 
Eurasian continent. Holmes conjectured that the Indian 
Shield was carried northwards by sub-lithospheric mantle 
flow to cause a double thickening of crust beneath the 
Himalayas and the Tibetan Plateaus. Wager hypothesized 
that the extra height of the great peaks of the Himalaya 
over Tibet was due to isostatic readjustment following the 
removal of load by intense erosion. Molnar et al. , relate 
the uplift to the shear stress on the boundary faults 
beneath the Himalayas. Relevant data have recently become 
available from the northern flank of the Himalaya and the 
Tibet Plateau, of which especially important are:(a) a 
gravity profile across central Tibet; (2) seismic crustal 
Structures of the region from explosion seismology; 

(3) seismicity; (4) geothermal activities: (5) geodetic, 
palaeogeographical, and radiometric data bearing on the 
uplift rate of the region: and (6) field observation of 
the surface fault patterns. The combined data-set has 
imposed strong constraints on theories of the dynamic 
processes in this region. We summarize here the relevant 
observations and discuss the results and implications of 


our model analysis: details of the modelling procedure are 
Siven elsewhere . 


(Nature, 298, 5874 (Aug.5-11, 1982) pp. 553-56) 
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High rock stresses as a consequence of glaciation 


by Anders Carlsson & Tommy Olsson 


(Summary) 


Knowledge of the stress field in the Earth's crust is 
crucial for the understanding of processes such as faulting 
and fracturing. It is also of fundamental importance for 
the design and construction of underground structures. 

The two most common methods used for in situ stress deter- 
minations for engineering geology purposes are (1) the 
Stress relief method, in which the differences in strain 
resulting from induced stress relaxation are studied, and 
(2) the hydraulic fracturing method, in which one of the 
presumed principal stresses is replaced by a hydraulic 
pressure. Of these, the stress relief method is nore 
applicable to design and construction problems as it enables 
the three-dinensional stress tensor to be measured. The 
in situ rock stress measurements reported here were carried 
out in a 500-m deep borehole in Precambrian bedrocks in 
Sweden and show high stress levels throughout the rock 
mass. A Comparison between the actual recorded stresses 
and the theoretical stress field from a 2,000 m-thick land 
ice may provide a possible explanation for the measured 
stress situation. 


(Nature, 298, 5876 (Aug. 19, 1982)pp.739-742) 


The geoid and geodynamics 


by Bradford H. Hager 


(Extracts) 


eee Variations in the height of the geoid are caused 
by horizontal variations in the density structure of the 
Earth. Early interpreters, assuming a rigid Earth, used the 
observed fluctuations of the geoid to bound the size and 
depth of the density contrasts that brought them about. 
Constraints were thus placed on the (supposed finite) stren- 
gth of the Earth. Now, observations of the postglacial 
rebound and plate motions make it clear that the Earth 
interior behaves as a fluid, not a rigid material, over 
geological time, requiring interpretation of geoid anomalies 
in a dynamic system. As is well seen in Horai's paper, the 
Study and interpretation of the figure of the Earth is now 
moving from the static domain of physical geodesy to the 
domain of geodynamics, 


Analysis of geoid anomalies in terms of density contrasts 
has always been hindered by the lack of a unique interpreta-= 
tion - an infinite family of distributions of density contrasts 
within a given body can satisfy anyobserved gravitational 
potentials out-side that body. Adding the extra constraint 
that the equations of motion in the fluid interior of the 
Harth must be satisfied has only recently been exploited in 
interpretation of the Earth's gravity field, but imposes a 
limit on the class of acceptable solutions. 


The basic physics of the problem are relatively simple, 

but contain some subtleties, Consider a density contrast 
of spherical harmcnic degree 1 placed at a radius rina 
fluid mantle. The gravitational potential at the surface 

r= Ye)/. The censity contrast causes flow which leads to 
a downward deflection of the surface of the Earth above 
high density regions and upward deflection above low density 
regionse Trenches and oceanic ridges are the directly obser- 
vable result of this type of deflection. Similar deflections 
occur at the core=mantle boundary and at any other internal 
layer boundaries which might exist.(Settling the contro-= 
versial question of the existence of these boundaries may 
Soon be possible uSing the techniques outlined here). Solving 
the equations ef motion within a fluid mantle shows that the 
deflection of the surface of the Earth is also approximately 
given as (x/z,) e The gravitational effects of the Surface 
deformation and the driving density contrast are of com= 


parable magnitude and ay . 
‘is reduced by site ha re Pearly cancel, 
thet 


avitational field of the Barth thus provides the 


most sensitive of all experiments, the null experiment, 


where the net result is a small number determined by the 


difference of two large effects. The Sign of the result 
depends on which of the effects is dominant, 
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eee Many of the features of th j i 
e global geoid are associated 
with subduction zones, but there are many features such as 


sg oes over Siberia, Hudson Bay, and the Ross Sea, 
é © high over Africa, nbt associ i i 
Pela Ce eee ’ lated with subduction. In 


@ Priori knowledge of the sign of 
the causative density contrasts, They may well be the result 


a Here eaten not associated with present plate motions. 
ar, Anderson has recently suggested that the geoid 
lows Corresponding to colder mantlef This scenario is 
plausible if in these regions the gravitational effects of 
Surface deformation are large, Consistent with efficient 
Coupling of stresses to the upper surface, | 
/ and gcoid highs ccrrespond to anomalously hot mantle. 

How Can such an hypothesis be tested? It is not 
poSsible to measure directly density contrasts in the interior 
of the Earth, but it is possible to measure deformation of 
the out°® surface. The ratio of geoid height to surface 
deformation is observable and very sensitive to the distri- 
bution of viscosity as well as to the depth of the convecting 
layer, The fact that Africa (geoid high) is on average 
500 m higher than Siberia or the area around Hudson Bay 
(geoia lows) supports the hypothesis that the geoid in these 
regions results from less dense and more dense mantle 
respectively, with stresses transmitted efficiently to the 
Surface of the Earth. This would be consistent with the ab- 
sence of a low viscosity asthenosphere in these regions. 

This absence would not be surprising as these areas are 
ancient cratons. 


McKenzie and others have looked at correlations between 
bathymetry, interpreted as surface deformation, and geoid 
anomalies on a smaller scale; these anomalies are consistent 
with those obtained for calculations of convection in a 
uniform viscosity fluid. Given the sensitivity of geoid 
anomalies to viscositystructure, it would be of great inter 
est to extend the calculations to include the low viscosity 
asthenosphere generally supposed to exist beneath oceanic 
plates to see if the geoid observations are in accord with 
this type of rheology. 


Seismology provides additional constraints. Density 
and seismic velocity are, in general, positively correlated. 
At present, seismologists are making rapid progress in 
deciphering the three-dimensional distribution of lateral 
hetero=-geneities in seismic velocity in the Karth's interiore 


We are at the beginning of an exciting era in geody- 
namics, High quality geoid observations, combined with high 
quality determinations of surface deformation and new high 
resolution scismic data will provide powerful constraints 
which mst be satisfied by the next generation of geodynamic 
models, Combining all three data sets will decrease the no n= 
uniqueness inherent in each, The physics of the gravity ficld, 
which makes it cffectively a null measurement, should make it 
possible in the near future to constrain variations in mantke 
rheology and depth and scale of mantle convection. 


(Nature, 299, 5879 (Sept. 9-15, 1982) pp 104-105) 


Oligo-Miocene rift of Sardinia and the early 
history of the Wester Mediterranean BaSine 


by A. Cherchi & L Montadert 


(Summary ) 


The geodynamic evolution of the Western Mediterranean 
Basin, in spite of many studies, is still uncertain. There 
is some consensus for interpreting this basin as a kind of 
small oceanic marginal basin, Its.opening has generally 
been related to a subduction process which was active during 
the Oligocene-Miocene somewhere east of Sardinia-Corsica, 

As the margins of the basin are deeply buried below Miocene= 
to present sediments, direct lithological and stratigraphical 
data which could explain the events responsible for its 
formation are rare or missing altogether, To obtain such 
data, detailed. field studies have been undertaken in Sardinia, 
and the first results are presented here, This approach is 
justified by the fact that in that island, Oligocene and 
Miocene sediments were deposited in a rift (fossa tettonica 
sarda of Verdabasso ), which is the eastermmost arm of the 
complex rift system that affected the European plate during 
Oligocene and Miocene times. One of these arms evolved 
towards a small oceanic basin - the Western Mediterranean or 
Algero—Provencal Basin - while others such as the Gulf of 
Valencia and the Sardinia rift aborted and remained at the 
rift stage. Its exceptional exposures make it possible to 
examine the Sardinia rift to clarify the sequence of évents 
which created it, and to establish a Sedimentological model 
which we believe is directly applicable to the Wester 
Mediterranean Basin, 


(Nature, 298, 5876 (Aug. 19,1982). pp 731-743) 
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